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CIRCULARLY PERMUTED UGANDS AND CIRCULARLY 
5 PERMUTED CHIMERIC MOLECULES 

Tlih qiplicatiM h a continuation-^n-part of U.S.S.N. 08/225,22^ 
Apxil if 1994 which is heron incoipotated by reference. 

IQ ffVin OF THF. INVENTION 

Thfa invention idates to the production and use of diculaiiy permuted 

ligands and cKmeric proteans formed by the joining of two or more proteins where one 
of die piotdns is dnadaiiy pcnnuted. The chimeric proteins may be fusi<m protdns. 

15 m /^^CTtnUND nv THK INVENTION 

In a chimeric mdecule, two or more molecules fljat exist separatdy in 
their native slate are jdned together to form a single molecule having tiie desired 
functionality of all of its constitoent molecules. Hie constituent molecules of a chimeric 
molecuie may be joined by chemical conjugation or, where the constituent molecules are 
20 all polypeptides, fliey may be fused togetiier to form a single continuous polypqrtide. If 
one of tiie constituent molecules is a ligaad, tiien tiie resulting chimeric molecules bind to 
cells bearing receptors q)ecific for tiie particular, ligand. 

Where tiie first constitncnt mdecule is a Bgand and flie second protein is a 

cytritoxin, flie driineric mohxule inay act as a potent cen-kil^ 
25 targeting tiie cytotoxin to ceils bearing a particular receptor^. For example, chimeric 
fasion protons which indude interleakin 4 (IL4) or transfon^ 
fiised to Pseudonums exotoxin or interieukin 2 (IL2) fused to Diphflieria toxin 
(DT) have been tested for tiuar ability to spedficaUy target and m 

a aL, Am. Rev. Bbchem., 61: 331-354 a9^)- 

• • indrty sudi as an antibody, a growtiifiurtor. or anotiierUgand, tiie chimeric mdre^ 
may act as a highly specific bifimctionalligand. This ligand may act to bind and 
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enhance the interaction between cells jor cellular components to which the cfaimeric 
molecule binds. Thus, for example, where the chimeric molecule is a fusion protdn in 
which a growth £u:tor is fused to an andbody or antibody fragment {e.g. an Fv fragment 
of an antibody), the antibody may spedficaUy bind antigen positive cancer cells while the 
growth fiactor Wnds recqitors (e.* . . IL2 or IL4 receptors) on the suifsace of immune 
cells. The fusion protein may thus act to enhance and direct an immune refuse toward 

target cancer cdls. 

Ligands are typically employed in chimeric molecules to act as specific 
targeting moieties. Generally it is desirable to increase spedRdty and affinity and 
decrease cross-reactivity of the chimeric molecule to make it more effective. For 
example, native PE and DT are highly toxic compounds tiiat ^ically bring about death 
through liver toxicity. PE and DT can be transformed into chimeric toxins by removing 
the native targeting component of the toxin and replacing it with a different specific 
targeting moiety {eg. EA which targets cells bearing IL4 receptors). However, even 
these chimeric toxins show some non-spedfic binding, lliey attack the liver in addition 
to their target cells and, when given in large doses, may also produce death due to liver 
toxidty. 

It has been observed tiiat growtii frictors, and other targeting moieties, 
frequenfly show lower spedfid^ and affinity fior tiidr targets when tiiey are incorporated 
into chifwftrig molecules sudi as fusaxm proteins. See, for exaniple, Debinski, et aL, J, 
BioL CJienu, 268: 14065-14070 (1993); Lorberboum-Galsld, et of.. /. Biol Oiem., 263: 
18650-18656 (198^; Williams, et al„ J. BioL Oienu, 265: 11885-11889 (1990); and 
Edwards, et dl. Mol CdL BioL, 9: 2860-2867 (1989). . 

RTMMARY Of TPg iNWnON 
This invention provides novd modified forms of ligands such as 
interleukin 4 (RA) wherein the amino and carboxy ends are joined togetiier, direcfly or 
through a linker, and new amino and carboxy terminal ends are formed at a different 
location witiiin the ligand. These modified ligands are as fully active as the original 
ligands. Since the modification of die ligand represents a rearrangement of die molecule, 
ndther die function, nor die desirability of such molecules was apparent prior to die 
work described here. Such rearranged molecules are also referred to as drculaxiy 
permuted molecules. 
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TTie dradarly pemuted ligands are especially useful when employed as a 
component in a chimeric molecule such as a fusion protein of interest Oftentimes 
fusion, or chemical conjugation, of a protein to an original terminus of a Ugand interferes 
with binding of the ligand to its native recqrtor. For example, fiidng a toxin to the 

5 carboxy terminus of Il>* greatly interfoes with the binding of IM to its rec^ 
Spedfic binding affinity <rf IL4-containing dumeric molecules ( e.g. 
fusion proteins) and (jytotoxidty of toxin fusion protdns is greafly enhanced by the use 
of die drculariy permuted (CP) ligands «.g. CP IL4) described herein. The increased 
afSnity and cytoloxidty obtained by circular permutation of the targeting molecule 

10 renders die chimeric CP ligand-cytotoxin molecules of the present invention particulariy 
wdlsmted form vivo use. Thus this invention provides for methods of inhibiting the In 
vtvo growth of tumor cdls by contacting the cdls with the cytotoxic diimeric molecules, 
in particular cytotoxic fusion proteins described herdn. In addition, this invention 
provides for a method of ^edfically delivering a molecule (e.g. , an effector molecule 

15 sudi as a cytotoxin, an antibody, a Hgand, a drug, a liposome, a labd, a binding protein, 
a radioactive compound, etc.) to a target cdl in vivo. Hie method involves administering 
to a mammal a molecule comprising a drculariy permuted ligand in a pharmaceuticaUy 
acceptable carrien v^erein the ligand qiedfcally binds the target cdL 

It is bdieved that the reduced affinity in growdi fictor-toxin or oflier 

20 ligand-toxinfuaon protdns is due, at least fa part, to the inaM^ 

to achieve its native conformation when inoorporatBd into a chimeric molecule o^ 
Stearic hinderance between the aoive site of the targeting mdely and the fused prot^ 

TMs mvention overcomes these limitations im>viding novd li^ 
protdns that have a hincfing spedfidty and afBnity comparable to or greater than natw 
25 ligand fiision.protdns. Thus, a valuable use for drculariy permuted ligands is disclosed 
here and U is shown duu sudi ftactionfd permuted Kgands may be effectivdy fusrf 

. protdns of mterest, sudi as toxins. 
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BRIEF DTOCRTPTTQN OF THE DRAWTNCS 
Figure 1 schemadcany fllustxales the drcular penntitadon of a linear 
polymer a protein). (A) An unpermuted (native) linear protdn of length J in 
which the amino add residues are numbered sequentially firom the amino to die caxboxyl 
terminus from 1 to J. A pair of adjacent amino adds will be numbered n and n+1 
lespectivdy where n is an int^ ranging from 1 to M. The *N" and *C' supierscrqits 
on these revues indicates the orientation of the alpha carbon amino and carboxyl groqys 
in each amino add. (B) The protein of (A) has been drculaiized by joining the amino 
and caiboxyl termini with a linker (double lines). The drcularized protean is flien 
opened at an opening site between the original amino and carboxyl terminal amino acids. 
The location of the opening site is between adjacent residues n and n+1. (Q 
Elimination of the pq)tide bond between residues n and n+1 produces a free alpha 
carbon caiboxyl group on residue n and a free alpha carbon amino group on residue 
n+ 1. ThuSy these residues become the new caiboxyl and amino termini respectivdy. 
Proceeding from the amino to the carboxyl terminus, the protein thus comprises a 
sequence corresponding essentially to the amino add sequence of residues n+1 through J 
of the protein in (a) followed by the linker, followed by a sequence corresponding 
essentially to the amino add sequence of residues 1 through n of the protein in (a). 

Figure 2 shows a schematic three dimensional diagram of 114 and 
drculady permuted mutants. The three dxmenaonal structure of IL4, based on fiie MMR 
coordinates (Powers er Science, 256: 1673-1677 (1992); Powers et aL Biodiem., 32: 
6744: 6762 (1993)) was converted to the schematic form shown in A by theMolscript 
Program (Luger et aL Sdeitce, 243: 206-210 (1989)). The numbering system used here 
is based on the 129 amino acid mature IL4 protdn, of Sequence Id. No.: 2 v/tddi, in 
recombinant form, is preceded by Met (Redfidd et a., Btodiemstry, 30: 11029-11035 
(1991). The structures of IL4(38-37) in B and IL4(1QS-104) in C were based on that of 
lU; IU(38-37) consisted of Met followed by amino adds 38-129, CJGNGG (Seq. Id. 
No. 50), amino acids 1-37 and a C-terminal alanine. IL4(105-104) consisted of Met 
followed by amino adds 105-129, GGNGQ (Seq. Id. No. 50) and 1-104, For doning 
purposes, each IL4 mutant contained alanine at the new C-terminus. This alanine w^ 
residue 104 for 114(105-104) and constituted an extra residue foi IL4(38-37). 

Figure 3 shows the binding and proliferative activity of circularly 
permuted TLA mutants. (A) Displacement analysis: Bound ['^I]-IL4 plotted as a 
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function of TIA (O), IU(38-37) (a) or IW(1Q5-104) (□) concentration. (B) Mitogenic 
activity: pHhthymidine incorporation by CTLL""* cdls plotted as a fimction of 
IL4(0), IL4(38-37) (a) or IL4(IQ5-105) (□) concentration. For A and B, the data is 
composed of the means of triplicate or quadruplicate experiments and erxor b2xs 
Tq)iesent standard deviations from the mean. 

Figure 4 shows the binding and ^toxic activity of dxcularly permuted 
fusion protein IL4(38-37)-PE38Q compared to tiie native IL4-FE fusion protein 
IL4-KB38Q. (A) Amount of <|^^I]-IL4) bound to DAUDI cdls plotted as a function of 
tfie concentration of IL4(a), IM(38-37)-PE38Q (•) or IL4-PE38Q (O) in the culture 
media. (B) Uptake of f^-leudne by ATAC-4 cells in tiie presence of varying 
concenttations of IL4(38-37)-PE38Q (•) or IL4-PE38Q (O). Cells were also incubated 
with H>t(38-37)-PE38Q (a) or IL4-PE38Q (a) each combined witii an excess (10 ^tg/mO 
of ILA. The ICso's, tiie concentrations needed for 50% inhibition of protein syntfiesis, 
were 0.24 and 0.75 ng/ml for IU(38-37)-PE38Q and IM-PE38Q, respectively. 

Figure 5 shows schematic diagrams of various IL4-fioxins. The toxins 
used in Examples 12 and 13 include tiie CP-IL4-toxin IL4(38-37)-PE38KDEL and tiie 
native IL4-toxin IL4-PE38KDEL. IL4(38-37)-PE38KDEL contains an aspartate reddue 
repladng N^* just after tiie initiator metfiionine, labeled by tiie toter "D." The CP-IL4 
ligand contains tiie pqitide GGNGG joining the native C-terminus to the native 
N-terminus of IL4. PE38EDEL conasts of PB amino adds 253-364 and 381-608, 
fcdlowed by tiie sequence KDEL. IL4-PE38KDEL is tiie native IL4-toxin containing tiie 
toxin fused to the C*tenninus of native IL4. The asparagine residue at IL4 position 38 is 
labeled widi tiie letter "N." The *C3' peptide connector, of sequence ASGGPE, jams 
tiie C-terminus of tiie ligand witii tiie toxin. iL4(38-37)-PE38Q and IL4-PE38Q axe tiie 
respective CP and native ILi-tDxins from a previous study Botii of tiiese toxins 
contain tiie K590Q and K606Q mutations and tiie RDEL C-termiiius. Also, 
II>t08-37)-PE38Q contains tiie native N^reddue just after tiie initiator metiu^ - 

Figure 6 illustrates tiie antitumor activity of tiie IL4-toxins ftisidn proteins. 
Mice were injected witii A43i cdls subcutaneously on day 0 and on day 4, 6 and 8 
received eiflier 50 (A,H), 100 (B,T) or20p fcgfl?g.i-v. (C,#) of 
IL4(38-37)-PE38KDEL, or 50 (D.Q), 100 (E,V) or 200 ftg/Kg i.v. (F, 0) of 
IL4-PB8KDEL. The numbers of treated mice are 30, 30, 5, 10, 10 and 10 for A, B, 
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C, D, E and F, rcq)ectivcly. Error bars as in Rgure 3. Standard deviations, which are 
not shown for tiie 30 untreated mice (A), were 15, 58, 43, 146, 198 and 232 nun^ on 
days 4, 6, 8, 11, 13 and 15, respecdvely. 

Figure 7 illustrates the durability of complete responses. In A, groups of 

5 10 mice were treated on days 4, 6 and 8 with 50 Mg/Kg X 3 (Q) or 100 /*g/Kg X 3 (T) 
of ILA(38-37)-PE38KDEL, In B, groups of 10 mice were treated on days 4, 6 and 8 
with 100 Mg/Kg X 3 (V) or 200 fig/Kg X 3 (O) of IL4(38-37)-PE38KDEL. The plot 
shows both the percent of animals achieving complete req>onses and the durability of 
these responses. 

10 

For puiposes of the present invention, the following terms axe defined 

below. 

The term "ciicularly pennuted" as used herein refers to a linear molecule 
15 in which the termini have been joined together, dther directly or through a linker, to 

produce a dicular molecule, and then the dicular molecule is opened at another location 
to produce a new linear molecule with termini different from tiie termini in the original 
molecule. Circular permutations include those molecules whose structure is equivalent to 
a molecule that has been circularized and then opened. Thus, a circularly permuted 
20 molecule may be synthesized de novo as a linear molecule and never go through a 

drcularization and opening step. The particular circular permutation of a molecule is 
designated by brackets containing die amino add residues between which the peptide 
bond is rfiTnin^^tpH. Thus, the deagnation 114(105-104) designates a drculariy permuted 
IL4 growth fictor in which the opening ate (position at which die peptide, boiid is 
25 eliminated) occurred between residues 105 and 104 of the unpermuted or unmodified 
JIA. 

The term 'specifically deliver* or 'specifically bind" as used herein refers 
to the preferential association of a molecule witii a ceU or tissue bearing a particular 
target molecule or maricer and not to cells or tissues lacking diat target molecule. It is, 
30 of course, recognized tiiat a certain degree of non-specific interaction may occur between 
a molecule and a non-targtt cell or 'tissue. Nevertheless, specific ddivery- or specific 
binding, may be distinguished as mediated through specific recognitibn of the target • 
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molecule. Typically specific delivery results in a much stronger association between the 
bound or delivered molecule and cdls bearing the target molecule than between the 
bound or delivered molecule and cells lacking the target molecule. Specific binding or 
delivery typically results in greater dian 2 fold, more preferably greater than 5 fold, and 
most prdeiabiy greater than 10 fold increase in amount of bound or ddivered molecule 
(per unit time) to a cell or tissue bearing the target molecule as compared to a cell or 
tissue lacking the target molecule or maricer. 

A "spacer" or connector, as used herein, refers to a peptide that joins die 
proteins comprising a fusion protein. Generally a spacer has no specific biological 
activity other dian to join the protons or to preserve some minimum distance or other 
spadal relationship between them. However, tiie constituent amino adds of a spacer may 
be selected to Influence some property of the molecule such as die folding, net charge, or 
hydrqphobidty of die molecule. 

The terms ■unpermuted," "native" or "unmodified" ligand, growth fector, 
or protein are used herein to provide a reference point for the ligand, growth factor or 
protein prior to its rearrangement into a circularly permuted molecule, as described 
above. Typically, the unmodified ligand, growth factor or protdn has amino and 
carboxyl termini and an amino add sequence that correspond substantially to the amino 
and carboxyl termini and amino add sequence of the ligand, growth fiictor, or protein as 
it generally occurs in vivo. The unmodified ligand, growth fictor, or protein however, 
may have a methionine at the amino terminus if produced as a non-secreted form. * 

The term "linker", as used hetdn, refers to a molecule diat is used to join 
the amino and carboxyl termini of a protein. The linker is capable of forming covalent 
bonds to bodi die amino and caibox^ terminus. Suitable linkers are well known to diose 
of skill in die art and indude, but are not limited to, straight or bfandied-chain carbon 
linkers, heten>cydic carbon linkers, or pqidde linkers. The linkers may be joined to die 
carboxyl and amino terminal amino adds through their side groupis (e.;., through a ' *' 
^sulfide iinkage to cysteine). However, in a prefened embodiment, the linkers will be 
joined to the alpha carbon amino and carboxyl groups of the terminal amino adds. 

A "ligand", as used herein, refers generally to all molecules capable of 
reacting widi or odierwise recognizing or binding to a receptor, antigen, or odier 
molecule on a . target cell. Spedfically, examples of ligands include, but are not limited 
to antibodies, lymphokines, cytokines, recq)tor proteins such as CD4 and CDS, 
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solubilized receptor proteins such as soluble CD4, honnones, growth factors, and the like 
which specifically bind desired taxget cells. 

A "growth factor" as used herein refers to a protein ligand that stimulates 
cell division or differentiadon or inhibits cell division or stimulates or inhibits a 
biological response like motility or secretion of proteins. Growth fiictors are well known 
to those of sldll in the art and include, but are not limited to, platdet-derived growth 
factor (PDGF), qsidermal growth factor (EGF), insulin-like ^wth fector (IGF)> 
transforming growth factor B (TGF-B), fibroblast growth factors (FGF), interleukin 2 
(IL2), nerve growth fiictor (NGF), intedeukin 3 (JLS), inteiieukin 4 (IL4), interieukin 1 
(ILl), interleukin 6 (DLQ, interieukin 7 0DL7), gtanulocyte/mactophage colony- 
stimulating factor (GM-CSF), granulocyte colony-stimulating factor (G-CSF), 
macrophage colony-stimulating factor (M-CSF). ctythnipoietin and the like. One of skill 
in the art recognizes diat the tenn growth factor as used herdn generally includes 
cytokines and colony stimulating factors. 

The term "residue* as used herein refers to an amino add that is 
incorporated into, a pq)tide. The amino acid may be a naturally occurring amino add 
and, unless otherwise limited, may encompass known analogs of natural amino adds that 
can function in a similar manner as naturally occurring anuno adds. 

The term "opening site", as used herein when referring to circular 
permutation, refers to the position at whidi a pq)tide bond would be eliminated to form 
new amino and caxboxyl termini. The opening site is designated by die portions of die 
pair of amino adds, located between the amino and caxboxyl termini of the mqwrmuted 
(native) protein, that become the new amino and caxboxyl termini of the circularly 
permuted protein. Where the unpeimuted protein is J amino adds in length and its 
residues are numbered 1 through J from die amino to die carbos^ terminus, the opening 
site will be H^'E^afi>H as between revues n and n+1 where n is an integer from 1 
through J-1. 

The tenn "andbody", as used herein, indudes various forms of modified 
or altered antibodies, such as an intact immunpglbbulin, an Fv fragment containing only 
the light and heavy chain variable re^ons, an Fv fragment linked by a disulfide bond 
^rinkmann, cf oL Proc. Nazi Acad. Sci. USA, 90: 547-551 (1993)), an Fab or (Fab)', 
. fragment containing the variable r^ons and parts of the constant r^ons, a singile-chain 
antibody and die like (Bird er a/.. Science 242: 424-426 (1988); Huston er oL, Proa 
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Nat. Acad. Set. USA 85: 5879-5883 (1988)). The antibody may be of animal (especially 
mouse or rat) or human origin or may be chimeric (Morrison et oL^ Proc Nat, AcatL 
Sci. USA 81: 6851-6855 (1984)) or humanized (Tones 6f a/., Nature 321: 522-525 
(1986), and published UK patent application #8707252). Methods of producing 
5 antibodies siutable for use in the present invention are well known to tho$e sldlled in tiie 
art and can be found described in such publications as Harlow & Lane, Antibodies: A 
Laboratory Manual, (>)ld Spring Harbor Laboratory (1988), and Asai, Methods in Cell 
Biology VoL 37: Antibodies in CeU Biology, Academic Press, Inc. N. Y. (1993). 

The term 'Pseudonufnas exotoxin" (PE) as used herdn refers to a fiiU- 

10 length native (naturaUy occuning) PE or a IS that has been modified. Such 

modifications may indude, but are not limited to, elimination of domain la, various 
amino add dd^ons in domains U and m, single amino add substitutions (e.;.* 
rqdadng Lys with Gin at positions 590 and 606), and tiie addition of one or more 
sequences at the carboxyl terminus such as KDEL and SEDL. 

15 The tenn "Diphtiieria toxin" (DT) as used herdn refers to fuU^l^ 

native DT or to a DT that has been modified. Modifications typically indude removal of 
the targeting domain in the B chain and, more qyedfically, involve truncations of the 
carboxyl region of the B chain. 

Native Pseudomonas exotoxin (PE), IL4, IL2, GM-CSF, and G-CSF have 

20 the amino acid sequences set forth in Sequence U. Listings Nos. 1 through 5 

respectivdy. All amino add podtions described herdn use as a firame of reference these 
sequence listings. For example, a PE molecule "comprising amino acids 280 to 613" 
would refer to a mdecde having amino adds substantially coneapondng to those 
podtions on Sequence U. Listing No. 1. Otiier common references are used herein to 

25 indicate deletions or substitutions to a sequence using the req)ective native s^ 
. UstingasafiameofrefercsndB. 'T1ieuseofthe8ymbol"A"referstoadeIeti 
amino adds following the symboL For examide, "A 365-380", refers to llie dd^n 
fromaPEmolecdeof amino adds 365 to 380. Amino add substitutions may be 
indicated by parendieses, for example "(Ser 287)" refers to a molecule having serine at 

30 amino add position 287. Grculariy permuted molecules are designated by the native 
molecule followed by bradcets enclosing the amino add positions that comprise the 
opening site. Thus, for example^ IL4(105-i04) designates a drculariy permuted IL4 in 
which tiie new termini are residues 105. and 104 of the unpermutedIL4. Amino adds 
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arc also sometimes referred to here by the single letter codes recommended by the 
lUPAC-IUB Biochemical Nomenclature commission. It is, of course, recognized that 
some substitutions, addition, or deletions may be made to any sequences described heron 
that do not alter the biological activity of the region. Indeed, some such modifications 

5 may be required to achieve expression of a particular protein. Thus, for example, a 
methionine may be added to a sequence to provide an initiator, 

7>7;;TAfT.TO DESCRIPTION 
f-JK ^Iflrlv Penn ntiNi Tigands and Chimeric MoleCTltt 

The present invention provides for circula4y permuted ligands wAich 

10 possess spedfidty and binding affinity comparable to or greater than the spedfidty and 
binding affinity of the native (unpermuted) ligand. 

The present invention also provides for novel chimeric molecules 
comprising at least one drculaxiy permuted ligand joined to one or more second 
molecule(s) of interest which may be, for example, a cytotoxin, an antibody, a ligand, a 

15 hormone, a growth factor, a drug, a Uposome, a detectable label, a circularly permuted 
ligand, a circularly permuted hormone, or a drculariy permuted growth factor. The first 
circularly permuted ligand acts to target and bind the chimeric molecule to particular 
celb or ceUular components where the second molecule may excrdse its characteristic 

activity. 

20 In a number of ligands (e.g. growth factors and other proteins), the 

carboxyl and amino termini are situated rdativdy dose to flie active ate when the 
protein is folded into its native conformation. YHien dumeric molecules or fimon 
protdns are formed by joining a second proton to either terminus of the first prbtdn 
ie.g. by fiiaon), spedfidty, binding afSnity, or other activities of the jdned first protein 

25 may be decreased rdative to the unfiisedfintpn)tein presumably due to alt^ 

caused by the presence of the added protein component or to stearic Mnderance between 
the second protein component and the active site of Ae first protein component 

Circular permutation of the molecule as described here provides a means 
by which the first protein may be altered to produce new carboxyl and amino termini 

30 without diminishing the spedfidty and binding affinity of the altered first protdir rdatiye 
to its native form. With tiew termim Ipcated away from the active site, it is possible 
incorporate the circularly permuted first protdns into chimeric molecules (e.g. fusion . 
proteins) with a smaller or no diminution of activity of tiie first protein. 
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Circular Permutation 

Ciiculariy permuted molecules, which may include DNA, RNA and 
protrin, are single-diain molecules which have *eir normal termini fused, often with a 
linker, and contain new termini at ano&er posidon. See Gddenberg, et aL J. MoL 
Biol, 165: 407-413 (1983) and Pan ef flZ- Gene 125: 111-114 (1993), bodi incorporated 
by reference herein, C5icular permutation is functionally equivalent to taking a straight- 
chain molecule, fuang the ends to form a dicular molecule, and then cutting the ciicular 
molecule at a different location to form a new straight chain molecule with different 
termini. Circular pennutation tiius has tiie effect of cssentiaUy preserwng 
and identity of die amino adds of a protein while generating new tennini at di^^ 

locations. 

Hie process of dzcular permutation is schematically Olustiated in Hguie 
1. Figure 1(A) illustrates an unpermuted linear polymeric molecule 0n tiiis case a 
protein) J subunits in length. The constituent amino add residues are numbered 
sequentially 1 through J from die amino to die carboxyl terminus. A pair of adjacent 
amino adds widiin this protein may be numbered n and n+1 respectivdy where n is an 
integcrianging from 1 to M. To circularly permute the pnrtdn, the amino and caiboxyl 
termini are first joined by a linker producing a circular molecule (Figure 1(B)). A new 
linear molecule is formed by cutting or opening Ae circular molecule at any location 
between amino add residues 1 and J. Thus, tiie location of die opening ate, illustrated 
by die arrow in Figure 1^) may be designatysd as between amino add readues n and 
n+1. Elimination ofthe peptide bond between leaduen and n+1 wiU produce a free 
alpha caAon amino ermiD on residue n+1 and a free al^ha carbon fliSigyi group on 
residue n. These leddues become flie new amino and carboxyl termim leqwctivcly 
(Figure 1(C9). Tlius, circular permutation pn)duces a new linear proton which, 
proceeding from die anuno to flie carboxyl teminus, conq*^ 
original iTOtdn corresponding to residues n+ 1 dirough J foflowed by die linker, 
followed by a segment of die .oripnal protein corresponding to readues 1 through n 
(Figure l(C))i 

It win be appreciated that while circular permutation is described in terms 
of linking die two ends of a protrin and.^A^^ 

are not actually required to create die end product A protein syndieazed ^fe now widi 
die sequence illustrated by Figure 1(C) would be equivalent to a protein made by 
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diculaxizadon and cutting. Thus, circularized pennutations of a generic protein 
illustrated by Figure 1(A) refers to aU proteins of Figure 1(Q 

how they are constructed. , . 

It is important to create a pennutalion ftat wffl retain the biolop 
5 activiQr of the native form of the molecule. If the new tarmini interrupt a critical i^on 

of the native protein, activity may be lost Similariy, if linking fte original termini |j 
destroys activity, then no permutation will retain biological activity. Thus, there are two* * 
requirements for the creation of an active circularly permuted protdn: 1) The termini in 
the native protrin must be favorably located so that creation of a linl^ 
10 ibiological activity; and 2) There must eadst an 'opening site" ^ere new termiiu can be 

formed without disrupting a region critical for protein folding and desired biological | 

.^activi^. ^ 
Thus, in general, good candidates for circular permutation are proteins in Iv 

which the termini of the original protein are in dose proximity and favorably oriented. 
15 Where the termini are naturally situated close together, it is expected Aat direct fusion of 
the termini to each other or introduction of a linker wiU have relativdy H It 
has been suggested that in roughly one third of the known structures of globular protdns 

the termini are in relativdy close proximity Clhortoit a al. J. MoL BioL, 167: 443-460 j 
(1983)). However, because the linker may be of any length, dose proxiini^ of the V, 
20 native tennini is not an absolute requirenient. | 
In a preferred embodiment, it is derirable to use a linkff that preserves 

spadng between Oe termini comparable to Oe unpennuted or native molecule. 
Generally linkers are dther hetero- or homo-bifunctional mdecuies that contain two • 
reactive sites that may eadi form a oovalent bond with the carboxyl and the amino 
25 ' terminal amino adds rcq)ectivdy. Suitable Ijiifcen are wdl known to tiiose of skill in Ffe 
the art and indude, but are nbt limited to, straight or branched-diain carbon linkers, . 

heterocyclic carbon linkers, or pq)tide Uhkers. The niost common and simple example is ; 
a peptide linker that typicaUy conasts of several amino adds joined through pe^ 
bonds to the termini of the native protein. The linkers m^ be joined to the terminal 
30 amino adds tirough their side groups (e.g.,. through a disulfide Unkag 

However, in a preferred embodiment, the linkers will be joined dirough peptide bonds to 
the a^>ha carbon amino and carboxyl groups of tiie terminal amino adds. 

Functional groups capable of forming covalent bonds with the amino and 
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carboxyl terminal amino adds ate weU known to those of Fbrexample, 
functional groups capable of binding the tonninal amino group iadude anhydrides, 
caibodimides, add diloiides, activated esteis and the like. Simflariy, fiinctional groups 
capable of forming covalent linkages with the tetminal cdboxyl indude amines, alcohds, 

5 andtfaelike. In a piefened embodiment, the linker will itsdf be a pq»tide and vdll be 
joined to the piotein termini by pqrtide bofflls. For example, the termim of the gi^ 
factor lU are normally spaced about 11.2 A sqait (Powers efoL Biochenu, 32: 6744- 
6762 (1993). A preferred linker that essentially preseives this spadng is the pq)tide 
GGNGG (Seq. M. No. 50). Similariy, a piefened linker for dicularly permuted G-CSF 

10 and GM-CSF is QGQNGGG ^eq. Id. No. 52). 

Circular permutation requires that the piotein have an opening site (i.e., 

between residues n and n+1) where the formation of termini win not intem?>t secondary 
structure crudal in the folding process or critical dements of the final conformation. 
Even if the three^limensional structure is compatible with joining the termini, it is 
15 concdvable that the kinetics and thcnnodynamics of folding would be greatiy altered by 
drcular permutation if opening the drcularized protdn separates residues that particq>ate 
in short range interactions crudal for the folding medianism or ibe, stability of the native 
state. Goldenberg. i^/dn£f?gM 7: 493-495 (1989). Thus, die dicrice of an opening 

site is inqxirtant to the protein activity. 
20 11,6 selection of an opening site may be determined by a number of 

factors. Where the three dimenaonal conformation of the piotein is known or pnxficted, 
preferred opening sites win l« located in regions a«at do not show a highly regute 
<£inendonal structure. Tlius, it is preferred that opening sites be sdected in regions of 
the protdn that do not show secondary structure sudi as alpha helices, pleated 

25 barrd structures, and die like. 

Methods of identi^g regions of particular secondary stnipture based on 
amino add sequence arc widdy known to those of skill in the art See, for example, 
Cohen er dL. Sdatce, 263: 488-489 (1994), incorporated by reference herein. 
Numerous programs exist that predict protdn folding based on sequence data. Some of 
30 • ■ • the more widdy known software padages indude MatdiMaker (Triiws Assodates. SL 
Louis, Missouri. USA), FASMAN ftom GCG (Genetics Computer Group), PHD 
(European Molecular Biology Laboratory, Hddelburg, Germany) and the Ho. 

Altemativdy, where the substitution of cotain amino adds or tite 
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modification of the ade chains of certain amino adds does not change the activity of a 
protein, it is expected that the modified amino adds are not critical to the piotdn's 
activity. Thus, amino acids that are dtherlmown to be suscepUT>le to modificu^ 
actually modified fnvi>« are potentiaUy good caiHlidates for 0^ Forexample. 

5 residues 38 and 105 of IM are potential glycosylalion sites (Cair er «/. , Btoduan. , 80: 
1515-lll523(1991).Powenerat,&iflu:e256:1673.lCT7(1992)). Glycosylation of 
residue 38 in IM does not diange the binding spedfidty or affinity of IM fte to 
recepton. Thus residues 38 and 105 are potentiany gpod candidates for openh^ 

Where the protem is a member of a fiuiuly of related proteins, one may 

10 infer that the highly conserved sequences are critical for biological activity, while the 
variable regions are not Preferred opem«« sites are then selected in regions of the 
pxotdn that do not show highly conserved sequence identity between various m^^^ 
the protein fiunily. Altemativdy. if an opening site is identified in a conserved region of 
a protdn. that same r^ I«ovides a good candidate fb^ 

15 proteiii. 

Methods of determining sequence identity are wdllmown to those of skill 
in the art. Sequence comparisons between two (or more) polynudeotides or polypqrtides 
are typically performed by comparing regions of the two sequences over a -comparison 
window- to identify and compare local regions of sequence similarity. Since the goal is 
20 to identify very local sequence regions (hat are not conserved, the comparison window 
win besdectedtoberalhersmalL A "comparison window", as used herein, refers to a 

segment of at least about 5 contiguous positions, usually about 10 to about 50. more 
usuany about 15 to about 40 in whidi a sequern* nuqr be compared to a reference 

sequenceofthesamenumberofcontiguouspositionsafterthetwosequenc« 

25 optimally aligned. 

Optimal aligmnent of sequences for comparison may be conducted by tte 

local homology algorithm of Smith er oL Afv. jlppLMaOu 2: 482 (1981), by the 
homology aUgmnent algorithm of Needleman er at. 7. Mot Bu,/. 48:443 (1970). by 
U« seard. for similarity mdhod of Pearson etal..Prt>c Nad. Acad, 5ci. VSA,iS:'2AU 
30 (1988). by coniputcrized implementaiions of these algorithms (GAP. BESTFTT. FASTA. 
. and TFACTA in the Wisconsin Genetics Software Padoge. Genetics Computer Gro^ 

(GCG),575 Sdence Dr.. Nfadison, Wisconsin. USA), or by inspection. 

Preferred opening sites in IL4 are between residues 37 and 38 and between 
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residues 104 and IQS. A prefeited opening site in IL2 is between residues 39 and 38, 
while pxefetred opening sites in GM-CSF and G-CSF axe between residues 36 and 35 
and between reddues 69 and 68 respecdvdy. 

Preparation of Circularly Pternmtgd Pttrteins 

Qtculaily pennuted proteins may be made by a number of means known 
to those of skill in the art These include chemical synthesis, modification of existing 
proteins, and expression of circulady pennuted protdns using recombinant DNA 
methodology. 

Where the protein is relatively short (Le.^ less than about 50 amino adds) 
the drculaily permuted protdn may be synthesized using standard chemical peptide 
synthesis techniques. If the linker is a p^tide it may be incorporated during the 
synthesis. If the linker is not a peptide it may be coupled to the pqjtide after synthesis. 
Solid phase synthesis in wtdcb the C-terminal amino add of the sequence is attached to 
an insoluble support followed by sequential addition of the remaining amino adds in the 
sequence is the preferred method for the chemical synthesis of the circularly permuted 
ligands and fimon proteins of this invendon. Tedmiques for solid phase synthesis are 
described by Barany and Menifidd, SoM-Ttme Peptide Syndesis; pp. 3*284 in The 
Peptides: Anafysis, Syndesis, Biology. Vol 2: Speddl Mediods in Pqftide Syn^tesis, 
Pan A., Mendfield, etoLJ. Am. Chenu Soc., 85: 2149-2156 (1963), and Stewart et 
al.. Solid Phase PqMe Syruhesis, 2nd ed. Pierce Chem. Co., Rockfbrd, HI. (1984) 
which are incorporated herein by reference. 

Altemativdy, the drculaily pennuted piqtdn may be made by diemically 
modil^ing a native protein. Generally, diis requires reacting the native protdn in the 
presence of the linker to form oovalent bonds between, the linker and the caiboxyl and 
amino termini of the protdn, thus forming a circular protein. New termini are then 
formed by opening the peptide bond joining amino adds at another location. This may 
be accomplished diemically or enzymadcally using, for example, a peptidase. 

If the opening reaction tends to hydrolyze more than one pq>tide bond, the 
reaction may be run briefly. Those molecules having more than one pq)tide bond opened 
will be shorter than the full length drculariy permuted molecule and the latter may be 
. isolated by any protein purification technique diat sdects by size (e.g. , by size exdusion ' 
chromatography or dectrophoresis). Altemativdy, various sites in the circular protein 



wo 9507732 



PCr/nS95/D4468 



16 

may be pxotected from hydrolysis by chemical modificatioii of the amino add tide chains 
which may interfere with enzyme binding, or by chemical bloddng of the vulnerable 
groups paitidpating in the pq>dde bond. 

In a pzeferred embodiment, the diculazly permuted protein, or fiidon 
5 proteins comprising the circularly permuted protein will be synthesized u^g 

recombinant DNA methodology. Generally this involves creating a DNA sequence that 
encodes the circularly permuted ligand (or entire fusion protein containing the ligand), 
placing the DNA in an expression cassette under the control of a particular promoter, 
expressing the protein in a host, isolating the expressed protein and, if required, 

10 denaturing the protein. 

DNA encoding circularly permuted ligands or fusion proteins comprising 
circularly permuted ligands may be prq>ared by any suitable method, induding, for 
example, doning and restriction of appropriate sequences or direct chemical synthesis by 
methods such as the phosphotriester method of Narang et oL MeA. EnzymoL 68: 90-99 

15 (1979); the phosphodiester method of Brown et al., MeA. EmymoL 68: 109-151 (1979); 
die diethylphosphoramidite method of Beaucage et aL, Tetnu Lett., 22: 1859-1862 
(1981); and the solid support mediod of U.S. Patent No. 4,458,066, aU incorporated by 
reference herein. 

Chemical synthesis produces a angle stranded oligonucleotide. This may 
20 be converted into double stranded DNA by hybridization with a oonqdementary 

sequence, or by polymerization witii a DNA polymerase using the suigle strand as a 
template. One of ddU would recognize that while chemicd syndiea^ 
to sequences of about 100 bases, longer sequences may be obtained by die ligation of 
shorter sequences. 

25 Altemativdy, subsequences may be doned and the s^sprqpriate 

subsequences deaved using appropr iate restriction en^mes. The fiagmepjs may then be 
ligated to produce the desired DNA sequence. 

In a preferred embodiment, DNA encoding the drculariy permuted ligand 
may be produced using DNA amplification methods, for example polymerase chain 

30 reaction (PGR). First, the segments of tfie native DNA on dther side of die new 

terminus are amplified sq)aratdy. For example, since the native protein sequence of IL4 
is 129 amino acids long and the opening site is between amino adds 37 and 38 
.respectivdy, die sequences representing codons 1 through 37 and 38 difoiigh 129 are 
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amplified sq>axately. The 5* end of the first amplified sequence encodes the pepSdc 
linker, while the 3* end of the second amplified sequence also encodes the pq>tide linker. 
Since tfie 5* end of the first fiagmcnt is complementaiy to die 3' end of the secrad 
fragment, die two fiagments (after partial purification, e.g. on LMP agarose) can be used 
S as an overlying template in a third PGR reaction. The amplified sequence win contain 
codons 38-129, the linker, and codons 1-37. The cixculariy permuted molecule may then 
be ligated into a plasmidi 

CP mgand-Containing Chime ric Molecules 

10 One of skill will appreciate that Ac drculariy permuted ligand and the 

other molecule comprising the chimeric molecules may be joined together in any order. 
Thus, the second molecule is preferably joined to either the amino or caiboxy terniini of 
the circularly permuted Ugand. 

The chimeric molecules of the present invention may be produced by 

IS joining the drculariy permuted ligand to a second molecule by any of a number of means 
weD known to those of skill in the art Typically the molecules will either be chemically 
linked together (chemical conjugation) or, where bodi molecules comprising the chimeric 
molecule are polypeptides the molecules may be fiised togetiier to form a polypeptide 
having a dngle continuous peptide backbone. Where posable, xeoombinant fusion is 

20 prefened. 

A) Chymicqj Cpqjugatjpn 

Means of chemically conjugating molecules axe well known to tiiose of 
ieViii Iheproceduxe far attaching an agent (e.g. a cyvomin) to a drculariy permuted 
25 ligand may vary according to the chemical structure of the agent. Prefierable linkages, 

however, are to the fiee amino or carboxyl termini which are avsulable for reaction with . 
a suitable functional group on a linker to bind the two molecules together. 

A "connector" or "spacer", as used herdn, is a mdecule that is used to 
join the targeting molecule to the effector molecule. The connector is capable of forming 
30 covalent bonds to both the targeting molecule and to the effector molecule. Suitable . 
connectors are well known to tiiose of $kill in the art and indude, but are not limited to, 
straight or branched-chain carbon linkers, heterocyclic carbon linters, or peptide 
connectors* Where tiie targeting molecule and the effector molecule are polypq)tides. 
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the connectors may be joined to the constituent amino adds through their side groups 
(e.;. , through a disulfide linkage to cysteine). However^ in a prefened embodiment, 
the connectors will be joined to the alpha cazbon amino and caiboxyl groups of the 
terminal amino adds. 

A bifunctional connector having one functional group reactive with a group 
on a dxcularly permuted ligand and another group reactive with an antibody, cytotoxin, 
or the like, may be used to form the desired chimeric molecule. Alternatively^ 
derivatization may involve chemical treatment of the second molecule e,g., glycol 
cleavage of the sugar mdety of a glycoprotein antibody with periodate to generate finee 
aldehyde groups. Hie free aldehyde groups on the antibody may be reacted with fi:ee 
amine or hydrazine groups on a drculaily permuted ligand to bind the ligand thereto. 
(See U.S. Patent No. 4,671,958). Procedures for generation of free sulfhydryl groups 
on polypeptides, such as antibodies, antibody fragments, ligands, and cytotoxins, are also 
known (See U.S. Pat No. 4,659,839). 

Many procedures and connector molecules for attachment of various 
compounds indudmg radionuclide metal chdates, toxins and drugs to proteins such as 
circularly permuted ligands aro known. See, for example, European Patent Application 
No. 188,256; U.S. Patent Nos. 4,671,958, 4,659,839, 4,414,148, 4,699.784; 4,680,338; 
4,569,789; and 4,589,071; and Borlinghaus et (d. Cancer Res. 47: 4071-4075 (1987) 
which are incorporated herein by xefisrence. Li particular, production of various * - 
inununotoodns is well-known within the art and can be found, 'for example in 
"Monodonal Antibody-Toxin Coiijugates: Aiming the Magic Bullet,* Thorpe et aL, 
Monodonal Antibodies in Clinical Medidne, Academic Press, pp. 168-190 (1982), 
Waldmann, Science, 252: 1657 (1991), U.S. Patent Nos. 4,545,985 and 4,894,443 which 
are incorporated herdn by reference. 

In some dxcumstances, it is desirable to sqnrate the constituent molecules 
of comprising the diimeric molecule when Ae diimeric molecule has reached its target ' 
site. Therefore, chimeric conjugates comprising connectors which are cleavable in tiie 
vidni^ of the target site may be used when the second molecule is to be released at the 
target site. Cleaving of the connector to. release the agent from the circularly permuted 
ligand may be prompted by enzymatic activity or conditions to which the chimeric 
molecule is subjected ddier iimde the target cdl or in the vicmiQr of the target site. 
When the target site is a tumor, a connector which is deavable under comfitions present 
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at die tumor site (e.;. when exposed to tumor-associated enzymes or addic pH) may be 
used. 

A number of different deavable connectors are known to those of skiU in 
the art See U.S, Pat Nos. 4,618,492; 4^42^, and 4,625,014. TTie mechanisms for 
release of an agent fiora these connector groups include, for example, iiradiatiori of a 
photDlabile bond and add-catalyzed hydrolyas. U.S. Pat No. 4,671.958, for example, 
includes a description of immunoconjugates comprising connectors which axe cleaved at 
the target site in vivo by the proteolytic enzymes of the patient's complement system. Jn 
view of the laige number of methods that have been reported for attaching a variety of 
radiodiagnostic compounds, ladiothersq^eutic compounds, drugs, toxins, and other agents 
to antibodies one skilled in the art will be able to determine a suitable method for 
attaching a given agent to a circularly permuted ligand. 

Fusion Proteins 

In a particularly perferred embodiment, the chimeric molecules axe fusion 
proteins. The fosion protdns may be produced using chemical methods to form a 
pqptide bond joining the two molecules. 

In a preferred embodiment however, Ae chimeric fusion proteins of tiie 
present invention are synthesized usng recombinant DNA methodolpgy. Generally this 
involves creating aDNA sequence that encodes tiie fuaon protein, placing tiieDNA in 
an expressim cassette under the omtrol of a particular promoter, expressing the protein 
in a host, isolating the expressed protein and, if zequxied, renaturing tiie protein. 

DNA encoding the fiision protehis (e.g. CP IL4-PE38Q) of tills invention 
may beprqiared by any suitaUe metiiod, including, for example, cloning and restriction 
of appropriate sequences or direct chemical syntiiesis by metiiods such as the 
phosphotriester method of lianiiig ef aL MeA. EnzymoL 68: 90-99 (1979); flie 
phosphodiester method of Brown et oL, MeOt. Eitzymol 68: 109-151 (1979); tiie 
diethyiphosphoramidite method of Beaucage et aL, Tetra. Lett., 22: 1859-1862 (1981); 
and tiie solid support metiiod of U.S. Patent No. 4,458,066, all incorporated by 
reference herein. 
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Kyprp^iofi of CP Ligftnds and FVisfon Proteins 

The dxculaily pennuted ligands and their fusion proteins may be escpressed 
in a variety of host cdls, including E. coU, other bacterial hosts, yeast, and various 
higher eukaxyotic cells such as the COS, CHO and HeLa cells lines and mydoma cdl 
lines. The lecombinant protein gene will be opmSAy linked to appropriate expression 
control sequences for each host For £ coU this indudes a promoter such as the T7, 
tcp, or lambda promoters, a ribosome binding site and preferably a transcription 
termination dgnal. Fbr eukaryotic cells, the control sequences will indude a promoter 
and preferably an enhancer derived £rom immunoglobulin genes, SV40, cytomegalovirus, 
etc., and a pplyadenylation sequence, and may indude ^lice donor and acc^tor 
sequences. 

The plasmids of the invention can be transferred into the chosen host cell 
by wdl-known methods such as caldum chloride transformation for £1 coli and caldum 
phoqihate treatment or dectrpporation for mammalian cells. Cells transformed by die 
plasmids can be selected by resistance to antibiotics conferred by genes contained on the 
plasmids, sudi as the anip, gpt, neo and hyg goies. 

Once ejcpressed, the recombinant fusion proteins can be purified according 
to standard piiocedures of the art, induding.ammonium sul&te predptation, afSnity 
columns, column chromatogrq>hy, gd dectropharesis and the like {see^ generally, R. 
Scopes, Protein PurificaAon^ Springer-Verlag, N.Y. (1982), Deutsdier, MeAods in 
Enzymology Vol 182: Guide to Protein Purfftcation.^ Academic Press, Inc. N.Y. 
(1990)). Substantially pure compositions of at least about 90 to 95% homogeneity are 
prefened, and 98 to 99% or more homogendty are most pre fe rred for pharmaceutical 
uses. Once purified, partially or to homogeneity as derired, tiie polypeptides may dien 
be used aerq)eutically. 

Modifications of CP Lfgands and Chimeric Molecules 

One of skill in the art wodd recognize that after chemical synthesis, 
biological expression, or purification, the drcularly permuted growth-factor or a fusion 
protein comprising a circularly permuted growth-&ctor may possess a conformation 
substantially different than the native protein. In this case, it may be necessary to 
denature and reduce tiie protein and then to cause die protdn to re-fold into the preferred 
conformation. Methods of reducing and denaturing the protein and inducing re-folding 
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aze well known to those of skill in the art (See, Debinski et J. BioL Oienu, 268: 
1406S-14070 (1993); Kmtman and Fastan, Bioconfug. Chenu, 4: S81-S8S (1993); and 
Budiner. et aL, Anal Biochenu, 205: 263-270 (1992) which axe incorporated heron by 
reference.) Dd)inski er oL, for. example, describe the denaturation and reduction of 
inclusion body proteins in guanidine-DTE. The protein is then refolded in a redox buffer 
containing oxidized glutatfiione and L-axginine. 

One of skill would recognize that inodifications can be made to the 
dzcularized protein without diminishing its biological activity. Some modifications may 
be made to fedUtate the cloning, expression, or incorporation of the circularly permuted 
ligand into a fusion protein. Sudi modifications are well known to those of skill in the 
art and include, for example, a methionine added at the amino tierminus to provide an 
initiation site, or additional amino acids placed on eidier terminus to create conveniently 
located restriction sites or termination codons. For example, in a preferred embodiment, 
circularly permuted IL4 will have an additional methionine (Met) at the amino terminus 
to provide an initiation site. For cloning purposes, each IL4 mutant will contain sdanin^ 
at the new C-terminus. This alanine is residue 104 for IL4(10S-104) and constitutes an 
additional xeadue for IL4(38-37). 

It was a suxinising discovery in one embodiment of the present invention 
that.modificadon of the amino terminus of the circularly permuted ligand increased 
growdi of die bacteria eacpressingflie modified ligBnd. In particular it was noted ttmt 
esqxression bacteria encoding the drculaxly permuted IL4-taxin ([L4(38-37)-FE38(2) grew 
only 2% as wdl as the expression bacteria tcansformed wifli a plasmid encoding tiie 
native IL4-UMdn (IL4-PE38Q or IL4-FE38KDEL). However, when die asparagine at die 
amino terminus of IL4(38-37)-PE38KDEL was changed to aspartate so tiiat die amino 
terminal sequence was changed from MNTTE... to MDTTE..., bacterial growtii was / 
very good, reaching a level that was 40% that of native IL4-toxin. 

One of skill will recognize that other modifications may be made. Thus, 
for example, amino add substitutions may be made that increase specificity or binding 
afBiuty of tiie circularly permuted protein, etc. Alternatively, non-essential regions of 
the molecule may be shortened or eliminated entirely. Thus, where tiiere are regions of 
the molecule that are not tiiemsdves involved in the activity of die molecule, they niay 
be eliminated or replaced with shorter segments that merely serve to maintain the correct 
spatial relationships between the active components of the molecule. 
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This invention provides for chimeric molecules including iusion proteins 
compriang a circularly permuted ligand joined to another protein such as an antibody, an 
antibody fragment (e.g. anti-Tac(Pv)), a honnone, an enzyme, a releasing factor, a 
ligand, a growth fiictor, a droulariy permuted growtfi £actor, or anotfier droulaxly 
permuted ligand. The two proteins may be fused together directly or joined by means of 
a pqpdde spacer. The pq>dde spacer may range from about 1 to 40 residues iii length. 
In one preferred embodiment, the circularly permuted ligand is a growdi £acti^. 

Generally, the spacer has no biological acdvity itsdf and functions only to 
link and provide some distance between the two active proteins comprising the fusion 
protein. However, one of skill will recognize that the leddues of the spacer may be 
chosen to optimize a property of the fusion protdn. For example, a spacer containing 
hydrophd}ic amino acids may enhance the solubility of the fusion protein in various 
lipids, while polar or charged residues in the spacer may enhance solubility in aqueous 
solutions. Similariy, the spacer residues may be chosen for their effect on the fcdding of 
the fusion protein. Where die fusion protein comprises a circularly permuted IL4, IL2, 
GM-CSF, or G-CSF joined to a fseudmwum exotoxin a preferred peptide qncer is 
ASGGPE (Seq. Id. No. 57). Where tte last amino add of the protein is alanine (as in 
IL4(1(^-104)), the protdn and spacer may share tfie alanine. Where the fusion protein 
comprises a circularly permuted IL4 joined to Dq)theria toxin pT388 preferred spacers 
are HM or BPHMAD (Seq. Id. No. 53). Where the fusion protein comprises drculady 
permuted IL4^ joined to an B3(Fv), a preferred spacer is ASGGFE (Seq. Id. No. 57). 

Qita^c CP Mgaqg-Twrtu Mo'CTte 

Chimeric ligand-toxin molecdes are of particular interest and comprise a 
circularly permuted ligand joined to a toxin. Particularly preferred are chimeric toxin 
fusion proteins. One of skill in the art would recognize diat many toxins are suitable 
induding PseudomoTias exotoxin, Diphtheria toxin, other bacterial toxins, and derivatives 
of plant or animal toxins. In a preferred embodiment, the fusion protein comprises a 
circulady permuted growth-factor fused to dther a Pseudomonas exotoxin or a . 
DipMteria toxin. 

Pseudomonas exotoxin A (PE) is an extremdy active monomeric protein 
(molecular wdght 66 kD), secreted by Pseudomonas aeruginosa^ which inhibits protein 
synthesis in eukaryotio cells through die inactivation of dongation fi^r 2 (EF-2) by 
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catalyzing its ADP-iibosylation (catalyzing the transfer of the ADP libosyl moiety of 
oxidiied NAD onto EF-2). 

The toxin contains three stroctuxal domains that act in concert to cause 
cytotoxicity. Domain la (amino adds 1-252) mediates cell bindii^. Domain n (amino 
5 adds 2S3-364) is responsible for translocation into the <7tosol and domain m (amino 
adds 4(X>-613) mediates ADP libosylation of dongation factor 2, yfMdti inactivates the 
piotdn and causes cdl death. The fimcdbn of domain lb (amino adds 365*399) remains 
undefined, althougli a large part of it, amino adds 365-380, can be ddeted without loss 
of cytotoxidty. Sec SiegaU ef a/., /. BioL Chem. 264: 14256-14261 (1989). 

10 \ incorporated by reference herein. For example, in the case of B3(Fv)PE38 (desaibed 
bdow), xeddues 350 to 394 can be ddeted and if replaced with GG(3GS (Seq. Id. No. 
54) are fully active. 

Where the drcdarly permuted ligand is fused to P£, a preferred P£ 
molecule is one in i^ch domain la (amino adds 1 through 252) is ddeted and amino 

15 adds 365 to 380 have been ddeted firom domain lb. However all of domain lb and a 
portion of domain n (amino adds 350 to 394) can be deleted, particularly if the ddeted 
sequences are replaced with a linking peptide such as GGGGS (Seq. Id. No. 54). 

In a&iition, the PE mdecdes can be fordier modfied using dte-dixe^ 
mutageneds or odier tedmiques known in the ait, to alter die molecde fi9r a particular 

20 desired application. Means to dter the molecde in a manner diat does not 

substantially afTect the functional advantages provided by the PE molecules described 
here can also be used and such resulting molecules are intended to be covered herein. 

For inaximum <7totoxic properties of a preferred PE molecule^ several 
modifications to die molecule are recommended. An a^ypropriate carboxyl terminal 

25 sequence to the recombinant molecule is prefixed to translocate .the mdecde into the 
cytosol of target cdls. Amino add sequences which have been found to be effective 
indude, REDLK (as in native PE), REDL, IIDEL, or KDEL, repeals of those, or other 
sequences that function to maintain or recyde protdns into the endoplasmic reticulum, 
referred to here as "endoplasmic retention sequences". See, for example, Ghaudhary et 

30 * fli, Proc. Natl Acad, Sci. USA 87:308-312 and Seetiiaram et al, J. BioL Chem, 266: 
17376-17381 (1991) and commonly assigned, USSN 07/459,635 filed January 2, 1990, 
all of which are incorporated by reference herein. . . . . . • 

Ddetions of amino adds 365-380 of domain lb can be made widioiit loss 
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of activity. Fuither, a substitution of methionine at amino add position 280 in place of 
glycine to aUow the synthesis of the protein to begin and of serine at amino add position 
287 in place of cysteine to prevent ficmnation of improper disulfide bonds is benefidal. 
In a preferred embodiment, the circularly permuted ligand is inserted in replacement for 
domain la. A similar insertion has been acconiplished in what is known as the 
TGFa/PE40 molecule (also referred to as TP40) described in Hdmbrook et al.. Proa 
NatL Acad. Sd., USA, 87: 4697-4701 (1990) and in commonly assigned U.S.S.N. 
07/865,722 filed April 8, 1992 and in U.S.S.N. 07/522,563 filed May 14, 1990, aU of 
which are incoxporated by reference. 

Prefiexred forms of PE contain amino adds 253-364 and 381-608, and are 
followed by the native sequences REDLK or the mutant sequences KDEL or KDEL. 
Lysines at positions 590 and 606 may or may not be mutated to glutamine. 

In a particularly preferred embodiment, die dicularly permuted ligand-P£ 
fusion proteins of this invention comprise the P£ molecule designated PE38Q. This PE 
molecule is a truncated form of PE composed of amino adds 253-364 and 381-608. Hie 
native C-terminus of PE, REDLK (residues 609-613), is replaced with die sequence 
RDEL, and Lys-590 and Lys-606 are each mutated to Gin (mutations K590Q and 
K606Q, respecdvdy). IL4-PE38Q contains the toxin fiised, through a linker, to die C- 
terminus of IL4, and IL4(38-37)-PE38Q contains die toxin fused, dirough a linker, to die 
C-tenninus of IL4(38-37). The production of IL4(38-37)-PE38Q is described in detail in 
Example 2. 

In anodier particulaily preferred embodiment, die circularly permuted 
ligand-PE fudon proteins of diis ihvendon comprise the PE mdecule designated 
PE38KDEL. PE38KDEL consists of amino adds 253-364 and 381-608 of PE widi die 
nadve lyrine residues at poridons 590 and 606, and it ends widi KDEL instead of KDEL. 

The drculariy permuted ligand may also be inserted at a point widiin 
domain m of die PE molecule. Most preferably the drculariy permuted ligand is fused 
between about amino add positions 607 and 609 of the PE molecule. This means that 
the circularly permuted ligand is inserted after about amino add 607 of the molecule and 
an appropriate carboxyl end of PE is recreated by placing amino adds about 604-613 of 
PE after the drculariy permuted ligand. Thus, die drculariy permuted ligand is inserted 
within the recombinant PE molecule after about amino add 607 and is followed by 
amino adds 604-613 of domain m. The drculariy permuted ligand may also be inserted 
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into domain lb to replace sequences not necessary for toxicity. Dcbinski, et at MoL 
cat Btol., 11: 1751-1753 (1991). 

In a prefened embodiment, the PE molecules will be fused to the 
circularly permuted ligand by recombinant means. The genes encoding protein cfaains 

5 may be cloned in cDNA or in genomic form by any cloning procedure known to fliose 
skilled in the art SeeforexanQ>leSambrooketal., AfoIca«iflrCton&«: 
Manual, Cold Spring Harbor laboratory, (1989), incorporated by reference herdn. 
MeAods of cloning genes encoding PE fused to various ligands are weD known to those 
of ddll in the art See, for example, SiegaU et aL. FASEB J., 3: 2647-2652 (1989); 

10 Chaudhaiy et oL Proc. NatL Acad. ScL USA, 84: 4538-4542 (1987), which arc 
incorporated herdn by reference. 

. Those skilled in tfie art will realize that additional modifications, deletions, 
insertions and the like may be made to the drculariy pennuted ligand and PE genes. 
Especially, deletions or changes may be made in PE or in a linker connecting an 

15 antibody gene to PE, in order to increase cytotoxidty of the fusion proton toward target 
cdls or to decrease nonspecific cytotoxidty toward cells witfiout antigen for the • 
antibody. All such constructions may be made by mediods of genetic oigineering wdl 
known to those skilled in the art (see, generally, Sambrooker c/., siq)ra) and may 
produce proteins that have differing properties of afiRnity, spedficily, stability and 

20 toxidty that make them particularly smtable for various dinicad or biological 
applications. 

In a particularly preferred embodiment, the aspartate replaces asparagine at 
position 38, the position innmecfiatdy ftJlowtag the initiator metfaicmine in lL4p8-37)- 
PE38KDEL. It was a discovery of the present invention that dianpng Ae aniino 
25 . temunus sudi that tiie first asparag^e was replaced wifli an asparatate (e.g« a. change of 
the amino tenninus fiom MNTTE to MOTTE) results in greafly increased growflj of the 

ei^nession bacteria. 

like PE, diphtheria toxin (DT) kills cdls by ADP-ribosylati^ 

factor 2 fterd>y inhibiting protrin synthesis. Diphthaia toxin, however, is divided into 
30 twochains, A and B, linked by a disulfide bridge. In contrast to PE, chain Bx)fpT, 
which is on flie carboxyl end, is responable for receptor binding and chain A, which is 
present on the amino end, contains the enzymatic activity (Uchida et al.. Science, 175: 
901-903 (1972); Uchida et al. J. Biol Chem., 248: 3838-3844 (1973)). 
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la a piefened embodiment, the dxculady permuted ligand-Diphtheria toxin 
fusion protdns of this invention have the native recq)tor-binding domain removed by 
tnmcation of the Diphtheria toxin Bdiain. Particulariy preferred is DT388, a DT in 
which the carboxyl terminal sequence beginning at residue 389 is removed. Chaudhary, 
etoL, modL Biophys. Res. Comm., 180: 545-551 (1991). 

Like the PE fusion proteins, the DT molecules will be fused to tfie 
drcularly permuted ligand by recombinant means. The genes encoding protein diains 
may be cloned in cDNA or in genomic form by any cioning procedure known to those 
skilled in the art. Methods of cloning genes encoding DT fused to various ligands are 
alsowdlknown to those of skill in the art See, for example, Williams er fl/. J. JKoi 
Chem. 265: 11885-11889 (1990) and copending patent ^Hcadon (USSN 07/620,939) 
which describe the expression of a number of growth-factor-DT fusion protdns. 

The present invention also provides for "dual targeted" immunotoxins in 
which a drculariy pranuted ligand is joined (preferably fused) to one terminus of the 
immunotoxin while another targeting ligand (e.g. an antibody, a drculariy pernrated 
growth factor, or another drculariy permuted ligand) is inserted in the other terminus of 
the toxin. Thus, for example, a dual targeted PE might comprise a drculariy permuted 
UA substituted for domain la at the amino terminus of fte PE and anti-T^v) insoted 
in domain m, between amino add 604 and 609. Ober antibodies may also be suitable. 
A number of other antibodies have been converted to angle-chain immunotoxins, 
induding anti-eri>SZ, B3, BR96, 0VB3, anti-transferrin, Mik-£1 and PRl (Batra et a/., 
Mol Cell moU 11: 220(^2205 (1991); Batra et oL, Proc NaxL Acad. ScL USA, 89: 
5867-5871 (1992); Brinkmann, etal. Prbc NatL Acad. Sd. USA, 88: 8616-8620 (1991); 
Brinkmann ef flL, Pfvc. Natl Acad. ScL USA, 90: 547-551 (1993); Chaudhary et aL. 
Proa NatL Acad. Sd. USA, 87: 1066-1070 (1990); Friedman et oL, Cancer Res. 53: 
334-339 (1993); Krdtman et d., J. ImmimoL, 149: 2810-2815 (1992); Nicholls et oL, J. 
Biol Chem., 268: 5302-5308 (1993); and Wds, et oL, Cancer Res., 52: 6310^317 • 
(1992)). 

Chimeric CP Ligand-Ant ibodv Molecules 

This invention also provides chimeric proteins cbmpriang drculariy 
- permuted Ugands joined (preferably by fusion) to an antibody. The antibody component 
of fte fusion protein may specifically bind antigens characteristic of certain antigen- 
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podtive cancer cdls (e.^., the Le'' related antigai zecognized by monodonal antibodies 
B3, BR96, or tiie eib2 protdn recognized by the e23 and ofter antibodies (/i) while the 
circularly permuted ligand q)ecifically binds immune cdis bearing the particular lecq^tor 
far the ligand (e.g. cdls bearing ILloiUA iecq)ton). The dicularly permuted 
bifunctional fusion protdn thus acts to enhance fhe interaction between cancer cells and 
conqMments of the immune systems and binds with higher affinity compared to the 
bifunctional fuaon proteb containing the native (unpennuted) ligand. 

The antibodies used in the chimeric molecule include various forms of 
modified or altered antibodies, such as an intact immunoglobulin, an Fv fragment 
containing only die light and heavy chain variable regions, an Fv firaginent linked by a 
disidfide bond, an Fab or (Fab)*2 fiagment containing the variable regions and parts of 
the constant r^ons, a single-chain antibody, a single domain of an antibody, and the 
like (Bird et d.. Science 242: 424-426 (1988); Huston etaL, Proc. No:, Acad. Sci. USA 
85: 5879-5883 (1988); Brinkmann, et al. Proc. Nat. Acad. Sd. USA, 90: 7538-7542 
(1993). The antibody may be of animal (especially mouse or rat) or human origin or 
may be chimeric (Morrison et aJ., Proc Nat. Acad. Sd. USA 81: 6851-6855 (1984)) or 
humanized fTones et al. , Nature 321: 522-525 (1986), and published UK patent 
application #8707252), Methods of produdng antibodies suitable for use in the present 
invention are well known to those skilled in the art and can be found described in such 
publications as Harlow & Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor 
Laboxatoiy (1988), and Asai, MeAods in Cell Biology Vol 37: Andbodies in Cell 
Biology, Academic Press, Inc. N.Y. (1993). r^on. 

An exemplary smgle chain antibody is B3(Fv), the Fv fragment of 
antibody B3. This antibody binds a catbohydrate antigen in the Le^ family which is 
ibiind on the sur&ce of many carcinomas of die colon, stomach, prostate, bladder, 
ovaries, breast and lung as well as some epidermoid carcinomas. Other antibodies of 
interest indude.BR96 (Friedman et al.. Cancer Res., 53: 334-339 (1993), €23 to eibB2 
.(Batra et al, Proc. Natl Acad. Sd. USA, 89: 5867-5871 (1992)), PRl in prostate cancer 
(Brinkmann et dl., Proc. Natl Acad. ScL USA., 90: 547-551 (1993)), and Kl in ovarian 
cancer (Chang et al. Int. J. Cancer, 50: 373-381 (1992). 

Means of joining On particular fusing) antibodies to the circularly 
permuted ligands are well known to those of skill in the art See, for example, Batca et 
al., MolCeU. Biol, 11: 2200-2205 (1991), Chaudhary etoL, Nature, 339: 394-397 
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(1989); Chaudhaiy et al. Proc. Natl. Acad. ScL USA, 87: 1066-1070 (1990); and 
Brinkmann a aL Proc. Natl Acad. Sd. VSA, 88: 8616-8620 (1991) which axe 
incoiporaied herein by reference. 

Chimeric CP Ligand^BInd i^p Protein Molecules 

Other binding proteins besides antfliodies may serve a similar iimction. 
Hius, this invention includes chimeric molecules compriang a dxculaily permuted ligand 
joined preferably fused) to one or more binding proteins. These binding protdns may 
indude antibodies, ligands, hormones, growth factors, drculariy permuted ligands, 
diculariy permuted hormones, drculaxty permuted growth factors, and other drculariy 
permuted ligands. 

To d^ermine which drculariy permuted ligands or chimeric molecules 
containing these factors are prefierred, the proteins should be assayed for biological 
activity. Such assays, well known to those of skill in the art, generaUy fell into two 
catteries; those that measure the binding affinity of the protein to a particular tar;^t, 
and those that measure the biological activity of tiie protdn. 

Binding afSnity may be assayed by measuring the ability of the drculariy 
pOTnuted molecule to displace a native (unpermuted) ligand from its target substrate. 
This may be accomplished by labeling the native ligand and dien incubating cells bearing 
the target recq)tor with a fixed amount of the labded ligand and various concentrations 
of drculariy permuted ligand. Tlie amount of bound native Ugand can be determined by 
detecting tiie amount of labd bound to the target cdl. Unlabded native ligand can be 
nmasacontroL Oneof sUn imU recognize Oat sdecdon of the t^^ 
determined by the particular ligand. The particular labd is diosen to minimally intecfere 
mtii die binding of die labded native ligand. Suitable labds are wdl known to those of 
skill in the art and indude, but are not linnted to radioactive labds (e.;., ^), 
fluorescent labds fluorescein or rhodamine), and enzymatic labds (e.;., 
horsera£sh peroxidase). Examples of competitive binding assays may be found in 
Examples 1(c) and 2(c). 

Biological ActivHv of CP Lig anil^ and Chimeric Molecules 

It is possible that the drculariy permuted ligand might specifically bind the 
target recq>tor and yet fail to show any other biological activity (eg., internalization 
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witfain the cdl). -nierefore. if is often desiiable to assay the biological activity of the 
pioteiii as wdl as its binding spedfidty and affinity. Assays for biological activities of 
various kinds aiewdl known to those of skffl in the art. THe particular assay depends 

on the particular activity of the molecule. 
5 For example, where the protein is soldy a ciiculariied growth factor, the 

expected biological activity usually is an increase in growth or proliferation of .cells 
• bearing the protein's target receptors, but may be growth inhibition or cell 

differentiation. Conversely, where the circularized growth fiictor is fused to a cytotoxin. 
the expected biological activity would be a decrease in cdl metabolic rate or possibly ceU 

10 death. Changes in metabolic rate are easQy measured as changes in the rate of uptake of 
a labdled inetaboUc substrate in the cdh exposed to the test protein as coili^ 
unexposed control ceUs. GeneraUy. C»H]-thymidine or pHUeudne are used as labeled 
metabolic substrates alfliough other labeled substrates are wdl known to those of ddll in 
the art Examples 1(d) and 2(d) detail assays far biotogical activity for dnailarly 

15 pemutirflLi and fl»ILI(38-37)-PE38Q fusion proton iBq)ectively. 

Tharniacentical CmmwisitlwIS and PfagBOtfte 

The CP ligand and ddmeric CP ligand compositions described herdn are 

particdady wdl suited for targetng therapeutic agents or dagnostic agents to cdls of 
20 interrest in vivo (i.e., target cdls) since they exhibit, among other properties, high 

binding affinity for target bdls. (As used herein, target cdls are cdls that bear on thdr 
surfiice mdecdes that specifically bind the circularly permuted Hgand.) Thus, the 
compositions containing the present chimeric molecules or a codctall thereof (i.e. , with 
other proteins) can be adminisatered in vivo for diagnostic applications or for Aerapeutic 
25 tteatiiients. 

Piaggostics 

• In one anbodiment, this invention this iiivendonpnmdesfw a medwd of 
detecting the presence or absence of a target cdl («.g. a tumor cdl) or molecule («.«. a 
ligand or ligand receptor). The method involves contacting the target ceU or molecule 
30 with a chimeric molecdi comprising a detectabte'ld)dattadJ«^ 

Ugaad that specifically binds to the target cdl or molecule and detecting the presence or 

. absence of the labeL 

The diimeric molecule may be administered in vivo or ex vrw. "nms, for 
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example, a chimeric molecule comprising a circularly permuted ligand (e.g. IL4) 
attadied to a detectable label may be administered to an organism (e.g. by intravenous 
injection). The chimeric CP ligand-labd molecule preferentially assodsUes wiOi tarset 
cells bearing die a molecule to which the drculariy permuted ligand q)ecifically binds. 
5 Theboundmoleculemay then be detected by a variety of non-invasive means. These 
include, but are not limited to tomogra^y employing radioK>paque labels, NMR 
scanning employing paiamagnede labels, and sdndllognphy employing radionuclides 
with sdndllography being the particulariy prefened method. 

The chimeric molecule may be administened ex vfvo to detect a target cell 

10 or molecule in a biological sample. The biological sample is contacted with the CP 

ligand-labd chimeric molecule and bound chimeric molecules are detected. Means of 
detecting bound label molecules are well known by diose of skill in the art For 
example, in one iqjproach, the biolo^cal sample is immobilized and contacted with the 
chimeric molecule. Inmid)ilized chimeric molecule is detected by detecting the 

15 immobilized detectable label. 

The biological sample may be any biological fluid or tissue isolated from 
an organism. Typical biological samples, include, but axe not limited to urine, saliva, 
cerd)n>spinal fluid, semen, blood, plasma, soft tissue biopsies, bone marrow biopsies 
and the like. The sample is typically taken £rom a human patient, but the chimeric CP 

20 ligand-labd molecules may be used to detect target cdb or molecules in samples from 
any mammal, such as mice, dogs, cats, sheep, cattle, pigs, rabbits, and the like. The 
sample may be pretreated as necessary by dilution in an appropriate bufG^ solution or 
concentration if desired. Any of a number of standard, aqueous buffer solutions, 
employing one of a variety of buffers, such as phosphate, Tris, or the like, at 

2S physiological pH can be used. 

Detectable bibds suitable for use in the diimeric molecules of this 
invention indude any composition detectable by q)ectroscopic, photochemical, 
biochemical, imraunodiemical, dectrical, optical or chemical means. Useful labds in 
the present invention indude magnetic beads (e.g. Dynabeads™), fluorescent dyes (e.g., 

30 fluorescein isothiocyanate, texas red, rhodanune, green fluorescent protein, and the like), 
radiolabds (e.g., '"I, "S, '*C, or enzymes (e.g., horse radish peroxidase, 
alkaline phosphatase and others commonly used in an EUS A), and colorimetric labds 
such as colloidal gold or colored glass or plastic (e.g. polystyrene, polypropylene, latex. 
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etc.) beads. 

Means of detecting such labels are well known to those of skill in the art 
Thus, for example, radiolabds may be detected using photographic film or scintillation 
counters, fluorescent markers may be detected using a photodetector to detect emitted 
5 illumination. Enqrmatic labeb are typicaUy detected by providing the enayme wi 

substrate and detecting the reaction product produced by the action of the enzyme on the 
substrate, and coloiimetiic labels are detected by simply visualimg the colored label. 

B) Pharmac gutical Coroposttions 

10 . In therapeutic supplications, circularly permuted ligands, chimeric 

molecules composing circularly permuted ligands, and various compodtions containing 
these molecules are administered to a patient suffering from a disease, in an amount 
fiiiffiCTent to cure or at least partially arrest the disease, or ameliorate its complications. 
An amount adequate to accomplish this is defined as a •therapeutically effective dose," 

IS Amounts effective for this use will depend upon the seventy of die disease and the 
general state of the patient's health. 

Among various uses of the cytotoxic chimeric molecules of the present 
invention are included a variety of disease conditions caused by specific human cells that 
maybeeliminatedby the toxic action of the protein. One preferred application is the 

20 treatment of cancer, such asby theuseofTaFaorIL4orIL6orIGFl as the drculariy 
permuted ligand or of autoimmune conditions such as graft-versus-host disease, organ 
transplant rejection, type I diabetes, multiple sderosis, Aeumatoid arthritis, systemic 
lupus exytiiematosus, myastiienia gravis and the like caused by T and Bcel^ Ttaefuaon 
proteins may also be used in vitro, fox exaflq>Ie, in the elimination of harmful cells fiom 

25 bone marrow before ttanqdant 

The drculariy permuted ligand-toxin ehimeiic molecules of die present 
invention are particulariy well suited for use in the inhibition of tiie growtii of tumor 
' ccUsihviw. As described in Exarnple 10, the drculariy permuted Kgand-toxi^ 
proteins of flie present invention show greater specific binding affinity and target cdl 

30 toxidty as compared to native ligandrtoxhi fusion protdns. The increased binding 
affinity and toxirity allow die circularly permuted ligand-toxin fusion proteins to be 
administered at lower dosages while achieving the same tiierapeutic efficacy as the native 
ligand-toxin fusion protons. Altemativdy, administration at die same dosages results in 
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prolonged therapeutic efficacy as the fusion proteins must be cleared from the circulation 
to a lower concentration befm they ceaise to show significant efficacy. In addition, since 
the increased binding affinity and cytotoxicity is mediated by specific binding to tfie 
target cell, the increased therapeutic efficacy is not accompanied by an increase in 
undesiied side effects due to non-specific binding and cytotoxicity. 

The drculazly permuted ligand portion of the chimeric molecule 'is chosen 
according to the intended use. Pzotdns on the membranes of T cells that may serve as 
targets for die drculazly permuted ligands include CD2 (Til), C3>3, CD4 and CDS. 
Proteins found predominandy on B cells that mig^t serve as targets include CD 10 
(CAUA antigen), CD19 and CD20. CD45 is a possible target that occurs broadly on 
lymphoid cells. These and other pos^le target lymphocyte target molecules for Che 
circulaxly permuted ligand protons are described in Leucocyte Typing 111, A. J. 
McNfichad, ed., Oxford Univeraty Press (1987). Antigens found on cancer cells that 
may serve as targets for the dxctdaziy permuted ligand proteins include cardnoembryonic 
antigen (CEA), the transferrin recqjtor, P-glycoprotein, c-cibB2, Le? and antigens 
described in the Abstracts of the Third International Conference on Monodonal Antibody 
Immunoconjugates for Cancer, San Diego, CA (1988). Those skilled in die art wifl 
realize diat drculariy permuted ligands may be chosen that bind to receptors expressed 
on still other types of cdls as described above, for example, membrane glycqprotrins or 
ligand or hormone receptors such as q)idennal growth factor receptor and the Bke. 

The chimeric molecules and pharmaceutical compositions of ftis invention 
are useful for parenteral, topical, oral, or local administration, such as by aerosol or 
transdermaUy, for prophylactic and/or then^ieutic tteatm^ The pharmaceutical 
compositions can be administered in a vaziely of unit dosage forms depencfing upon tiie 
metiiod of administration. For example, unit dosage forms suitable for oral 
administration indude powder, tablets, lalls, eapsaks and lozenges. It is recognized that 
the fusion proteins and pharmaceutical conipositions of this invention, when administeied 
orally, must be protected fiom digestion. This is typicaUy accomplished eidier by 
complexing the protein widi a composition to render it resistant to addic and enzymatic 
hydrolysis or by packaging theprotem in an apprppriatdy resistant carrier such as a 
liposome. Means of protecting protdns from digestion are wdl known in die art 

Hie chimeric molecules and pharmaceutical compositions of this invention 
are particularly useful for parenteral administration, such as intravenous administration or 
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administration into a body cavity or lumen of an organ. The compositions for 
administration win commonly comprise a solution of the diculariy permuted ligand 

fusion protein dissolved in a pharmaceuticaUy acceptable carrier, preferably an aqueous 
canier. A variety of aqueous carriers can be used, eg., buffered saline and the lite. 

5 These solutions are sterile and gencraUy free of undesirable matter. These compositions 
may be sterilized by convMtional, weU known sterilization techniques. The 
compositions may contain pharinaceulicany accqjtable aujtiliaiy substances as lequ^ 
appraximatB physiological conditions such as pH aiQustiiig and buffering agents, toxicity 
adjusting agents and the lite, far examine, sodium acetate, sodium chloride, potassium 

10 chkride,cakaum chloride, sodium lactate and the lite. The conocntralion of filsion . 
protdn in these toulations can vary widely, and will be selected primarily based on 
fluid voihmjes, viscositiM, body weigjit and die lite in accordance with tt» 

mode of administrarion selected and die patient's needs. 

Thus, a typical pharmaceutical comporition for intravenous administration 
15 would be about 0.1 to 100 mg per patient per day. Dosages from 0.1 up to about 1000 
mg per patient per day may be used, particularly when flie drug is administered to a 
. secluded site and not into the blood stream, such as into a body cavity or into a lumen of 
an organ. Actual methods for preparing parenteraUy administrable compositions win be 
known or apparent to those skffled in the art and are described in more detail in sudi 
20 publications as Remington's Phamaceudcd Sdemx, 15th ei, Made PubBshing 

Company, Easton, Pennsylvania (1980). 

Single or nwmple adndnisttations of the compodtions may be administesed 

dc5)ending on the dosage and frequency as required and toleiated by the patie^ Inany 

event, the composition should provide a sufficient quantity of the proteins of this 

25 invention to effectivdy treat die patient 
Diflgnostic Kits 

In anoflwr emibodinient, ttiis inventiw pnwides for kits for the treatment 

of mmon or for the detection of target cdls or target molecules vivo or « vivo. Kits 
30 win typicanyconq)rise a drculariypennutedHgand and/or a chimeric molecule 

• ■ comprising a drcdariy permuted Ugand of die present invention (eg.. CP IL4, CP IL*- 
. . . labd, CPILUytotbrin, CPIU-antibody,eta^^ In addition the kits win typicaUy 
indudb instructional materials disdosing means of use of tiie circularly permuted ligand 
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or chimeric molecule (e.g. as a cytotoxin, for detection of tumor cells, to augment an 
immune response, ere). The kits may also include additional components to fedlitate 
the particular application for which the kit is designed. Thus, for example, wfaoe a kit 
contains a chimeric molecule in which the effector molecule is a detectable label, the Idt 
may additionally contain means of detecting the labU (e.;. enzyme substrates for 
enzymatic labels, filter sets to detect fluorescent labels, q)prppriate secondary labels such 
as a sheep anti- mouse-HRP, or the like). The kits may additionally include buffers and 
other reagents routinely used for the practice of a particular method. Such kits and 
appropriate contents are well known to those of skill in the art. 

The following examples are offered by way of illustzation arid are not to 
be construed as limiting the invention as claimed in any way. 

EXAMPLES 

15 The oligonucleotide primers used in the following examples axe listed in 

Table 1 and in Sequence Id. No: 6 through Sequence ID No.: 48, respectively. • 



10 



20 



Table I. Sequence of oligonucleotide primers used in Examples 1 through 6. The 
sequences are listed in die S* to 3* (firection from left to tight. 



Primer Sequence 

BK24 A-ATA-CCA-CTC-ACT-AIA-G ' 

25 BK50 GGC-ACC-GTT--GCG-AAT-CC6H;CC-C06 

BK54 T6C-STT-A06-G6C-SAC-CCC-CA6-GAC--CAG 

BRSS GGG-ACX:-TCC-G6A-0GA-TTTH;CC-T6A"<KUI-6ACH1»T-6AC-CTC-66T*AC^ 
GCC-CCA-GTA 

BR56 GGG-ACC-TCC-AGC-TTT-ACT-CTC-GAG-CTT-TCT-CCC-a» 

30 BK63 CAC-CCT-CCA-GTT-CTC-CCT-CCC 

BK78 AIA-CGA-CTC-ACT-ATA-CGO-AGA 

BX83 GGG-CAT-AAA-CCC-C0G-<AT-AAA-AC0-CATH3CA-CCT-ACT-TCA-A0T-TCT 
AA6 

BK84 TOl-AGC-TCA-ATT-CTA-GCT-OAG-TGT-TCA-OAT-CAT-GCT-TTG-ACA 

35 . BK87 CCG-CCA-CGA-ax;C-GTC-C3GG-OGT 

BK96 GGG-CTTHKSA-TCC-CCC-CCC-ACC-XGA-ACC-TCC-TCC-CCC-GCT-OGA-ACA-CTT- 
TGA*-AXA--TT7 

BK97 gag-gtc-<m:a-tcc-G6Chm:ahm:chksa-tcth;gch»sa-k»;th»5c-toghk^ 

ACC-CTG-GCC-KWG 

40 . . BK-110 TCT-TCC-TCCHWSA-GGT-AAC-CGT-GGG-CAC-AAC-TGC-GAT-ATC-ACC 

BK-111 CTTHSTC-CCC-ACC-GTT-ACC-TCC-GCA-OGA-ACA-CTT-XGA-ATA-TTT-CTC 

BK-112 CTC-AGT-TGA-AGC-TTT-CGA-CGC-AGC-AAA-GAT-CTC 

BK-113 .TTT-GCT-CCC-CAt-ATC-AAC-ACA-ACT-GAG-AACH5AA 

BK-114 ACT-CTG-CTA-AGC-TTC-CTT-CAC-AGG-ACA-GGA 

45 BK-115 CCT-GTG-AAG-CAT-ATG-AAC-CAG-ACT-ACG-TTG-CAA-AAC 

BR->ii6 tat-tca-aac-taahk:t-tcc-ccg-gga-gca-gct-tca 

BR-il7 GGAH;AT-ATA-CAT-ATG^AC-ACA-ACT-GA6-AAG-6AA 

BR-ia2 gtt-taa<<tt->taah;ct-tcc-gga-ggt-ccc-gag-gac-aca-acth»ig*aaghsaa 
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BK-133 CTC-CGC-ACC-TCC-ACC-TCA-TTT-COA-GOC-ACC-AAA-GAT 

BK-iaS ACA*CTC-ACC-<X2A-<30T-AAC-CGTH;GG-<K:A*CCT-ACr-TCA-A^ 

BK-136 AAA-CTG-AAT-TCA-AGC-TXA-CCT-GGT-CAG-TTT-GCG-ATT 

BK-137 AAA-<TC-AOC«-GAT-AXG-CTC-*ACA-TR-AAa-TTT 

BK*ld8 AGG<»T6C-C0C-A0CHSTT-ACC-7CC-KK;TH»G-TGT-TGA-GAT-GAT 

8K-139 GAGHMk:-HX;A-GGA-AAC-KKUlHM;TH»»-CCA«<CCH;CC-C»C-Z06-€m 

BK-140 TTC-TAG-AAT-TCA-ACC-TTA-CTC-ACC-AGC-AGT-CTC-TCT 

BK-141 ACTHKrrH;CT-CAT-ATC-<;AT-GAA-ACA-GTA-CAA-CTC 

BK-142 CCG-TCC-<CC-ACC-TCC-CTT-TCC-TCC-CCC-KrrC-CTG-CAC-TGG-CTC-CCA 

BR-143 CCC-TGC-AGC-CAT-Art-CCA-CCC-GCC-CGC-TCG-CCC-AGC-CCC 

BK-144 CtC-ATO-AAT-TCA-ACC-TTA-CtC-CTC-CAC-TC<^^C-OCaHSCA-CTC• 

BK-149 AAT-TCA-AGC-TTC-ACC-TCT-CAG-TTT-GGC-ATT-CTT 

. BR-150 AAT<-TCA*AGA-A6C-TTC-TGC-AGOAGT-CTG-TCT-ACT 

BK-lSl CTG-TGG-AOC-CAZ-AXG^ACC-GIA^ACA-GAC-AXC 

BK-152 GAT-K:TC-GTA-AGC-TTT-aA-CTC-GGT--GGA-GAG 

BK-153 ACA-GTG-CAfi-CAT-ATG-ACCrOCC-CTG-€GC-CCT--GCC-AGC 

BK-is 4 aat-ctA"-agc«-ttgh;;gc-ctgh:gc-aag-gtg^cx^-tag 

BK-is 5 gggh;gc-<k;ah;ga-aac-gga-kk;t-ggg-acc--ccc-ctg--ggc-<!cth^ 

BK-156 CTG-CAA-AGC-TTG-CCT-GCG-GCA-GCI-GCT 

BK-157 TCC-CCC-AGCH»T-ATG-CrG-C3lG-CT0-GCA-GGC-TCC 

BK-158 CGT-CCC-ACC-TCX:'K;TT-TCC-TCCH5CC-GGG--CTG-<»C-A^^ 

VIC116 TGC-CCC-GGT-TTC-TAT-ATC-GCC 

VK281 GGC-CGG-T06-GGG-GAA--7ZC-TTA-KUUS-<:TC-GTC-TXT-CG6*OGG-TTT^CC-GGG 



Example 1 

CiroilarlY Permuted TLAt Preparation and Btologfcal Arflvitv 

a) Construction of mutant plasmids pRKL4038 and pRKL4105 

To make the mutant plasmids pRKL4038 and pRKL4iaS encoding- IIji(38- 
37) and IL4(10S-104) respectively, the DNA sequence encoding recombinant TLA was 
dicularly permuted by polymerase chain reaction (PGR). The plasmid pGEM-7f Q. 
Biol. Oiem. 268: 14065-14070 (1993)), designated h^ein as pRKM, encoding native 
IL4 was used for a template. All amplification primers are listed in Table !• The 
primers were made using a synthetic oligonucleotide syntiiesizer by Bioserv 
(Gaithersburg, Maryland, USA). 

PGR was performed using the Gene-Amp kit (Perkin Bmer, USB, 
Cleveland Ohio, USA) according to the pnytoool siqiplie^ Plasmids were 

purified using the Qiagen TEP-SOO kit (Qlagen, Chatswortb, California, USA) and 
Promega magic minipreps (Prom^ Mkdison, Wisconsin, USA) according to the 
protocols supplied with tiie kits. ... 

IL4 codons 1-37 were amplified using primers BK-110 and BK-112. Hie 
5* end of the fragment encoded a GGNGG linker (Seq. Id. No. 50) and the 3' end 
contained a Hindin site. UA codons 38-129 were amplified uring BK-il3 and BK-lll. 
The 5' end contained an Ndel site and die 3* end encoded the GGNGG linker ^eq. Id. 
No. 50). Since the 5' end of the first fragment is complementary to the 3* end of the 
second fragment, the 2 fragments (after partial purification on LMP agarose) could be 
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used as an overlapping template in a 3rd PGR reaction using primers BK-1 13 and BK- 
1 12. The amplified fragment, cut with Ndel and Hindm, encodes IL4 codons 38-129, 
GGNGG (Seq. Id. No. 50), and IL4 codons 1-37. 

UA can also be diculaiiy permuted at other residues, IL4 codons 1-104 

5 of pRKM were amplified using BK-110 and BK-114. while codons 105-129 were 
amplified uang BK-llS and BK-lll. Regions encoding the GGNGG finker (Seq. Id. 
No. SO) are the same as above. In the 3rd PGR leacdon the overlapping template was 
amplified using BKl 15 and BKl 14. The amplified firagment, cut with Ndel and mndm, 
produces a fiagment encoding RA codons 105-129, GGNGG (Seq. Id. No. SO), and IL4 

10 codons 1-104. 

The Ndel-Hindin fragments were subdoned into pRKL4 to produce the 
plasmids pllKL4038 and pRXL41QS encoding IL4(38-37) and IL4(1Q5-104) respectively. 
These plasmids which encode the dicularly permuted growth-factor carry a T7 promoter, 
a transcription terminator at the end of the open reading frame of the protdn, an fl 
15. origin of rq)lication, and a gene for ampidllin resi s tance. 

The entire coding region of each plasmid was sequenced using the Taq 
Dyedeoxy terminator cycle sequencing kit in conjunction witii an automated sequencer 
(AppUed Biosystems, Inc., Foster aty, California, USA), 



20 b) Proton expression and ptapicatlon 

To produce die drculaiiy permuted molecules, K coU BL21 (XDE3) cells 
were transformed (2 ng/100 id of cells) with plasmid pSEL4Q38 or plasmid pRKL4105, 
incubated on ice 30 minutes, incubated at 42'C for 1 nnnute, mixed with SOC media 
(900 /d/lOO fd cells), shaken at 37*C for 1 hour and then spread on L8-AMP plates. 

25 Tlie cells were cultured in supeibroth (antaining ampidllin (100 ftg^ml), 

glucose (5 mg/ml) and extra MgS04 (1-6 mM). At an ODtste of about 3, isppropyl-B- 
D-thiogalactppyianoade CDPTG, USB, Qcvdand, Ohio, USA) was added to a final • 
concentration of 1 mM, and protein expresdon induced for 90-120 minutes. The 
harvested cell paste from IL of culture was resuspended in 360 ml TES (50 mM Tris- 

30 HQ, pH 8.0, 20 mM EDTA, and 0.1 M NaO) and lysozyme (13 ml of 5 mg/ml). 
After incubating for 30 minutes at 22 ^C, DNAse (0.8 mg in 6.8 ml.HxO) was added 
. . and, after shaking and allowing to stand at 22^C for 30 minutes, the mixture was 
resuspended and centrifuged. The pellet was resuspended in 360 ml TES + 40 ml 25% 



wo 9507732 



PCT/nS95AM468 



37 

Triton X-100, incubated at 22^*0 for 10 minutes and centrifuged. The pellet was washed 
two or tfiree more times by resuspension in 360 ml TES + 40 ml 25% Triton X-100 and 
centrifugation, tfien washed four times by resuspension in 360 ml TES and 
centrifugation. AU resuspensions were performed uang a tissuenuzer fThomas 
5 Scientific, Sweded}orO| New Jers^, USA) at 22''C and centrifiigations were performed 
at 4'C in a GSA xotor (Sorvall, Wilmington, Delawaie, USA) at 13,000 RFM tor 30-50 
minutes. 

Hie puxified inclusioa bo^ protein (r 120 mg) was resuspended by. 
sonication in 12 ml of 7M guanidine:Ha containing 0.1 M Tiis, pH 8, 2 mM EDTA, 
.10 and 65 mM ditiuoerytiiritol (DTE) (Sigma, St Louis, Missouri, USA) 

24 hr at 22^C. The denatured-reduced protdn was clarified by centrifiigation and diluted 
lOO-fold into cold tefidding buffer containing 0.1 M Tris, pH 8.0, 0.5 M L-aiginine, 2 
mM EDTA, and 0.9 mM oxidized glutathione (OSSG) (Sigma, St Louis, Missouri, 
USA). 

15 After incubation at WC for 36-48 hours, the dear solution was dialyzed 

against 0.02 M NaOAc (pH -4.8) to a conductivity < 5.0 mM NaQ. The refolded 
dialyzed protein was clarified by filtration through a 0.45 fi filter and loaded onto 10 
ml of CM fast flow cation exchange resin (Pharmada-LKB, Mscataway, New Jersey, • 
USA). The column was washed witii equilibiation buffer (0.02 M NaOAc, pH 4.8) and 

20 duted with equilibration buffer containing 0.5 M NaCL 

The IL4 mutants were further purified by dution from an anion exdiange 
column (Mono-Q, Hiaxmada-LKB, Fiscataway, New Jersey, USA) using a linear NaQ 
gradient in equilibiation buffer. HnaUy, the protein containing fractions were subjected 
to azB exdusiott cfaromatogia^y uang a TSKG2000SW column (60 x 0.75 cm), 

25 ' Tbsohaas, Montgomeiyville, Pennsylvania, USA) equilibrated with phosphate bufifered 
saline (PBS). Protein oononitiatibn was determined by tiie Bradford Goomassie plus . 
assay (Pierce Chemical Co., Rodcford, Ulinds, USA) using bovine serum albumin as a 
standard. Fractions were sdected based on tiidr purity by SDS-PAGE. 

Purity of the mutant circularly permuted IL4 molecules was ascertained by 

30 SDS-PAGR Each sample was run on 10-20% tridnc gds (Novex, San Diego, CA) 
under reducing and non-redudng conditions. The purified proteihs were shown to be 
greater than 95% pure. , Under rediidng conditions the gd retention of ILA, IL4(38-37), 
and IU(10S-104), which are 130, 136,. and 135 amino adds in lengdij respectively was 
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as expected. Under non-rcdudng conditions the band cone^nding to IL4(10S*104) 
migrated at a slightly slower rate than expected. 

The amino terminal sequence of each dicularly permuted protein, 
including the initiator methionine, was oonfinned by amino add sequence analysis (M . 
5 Lively. Wake Forest University, Wnston-Saiem, North Caxolina, USA). 

Figure 2 shows a schematic three dimensional diagram of IL4 and 
circularly permuted mutants 114(38-38) and 04(105-104). Tbe three dimmsional 
structure of 1L4, based on the NMR coordinates (Powers er aL Sdence, 256: 1673-1677 
(1992); Powers er a/. Blodienu. 32: 6744: 6762 (1993)) kindly provided by »1 Qore 

10 was converted to tiie schematic form shown in Hgure 2(A) by the Mblscript Program 
Ojuger er aL Science, 243: 206-210 (1989), kindly provided by Dr. P. Kraulis. The 
. numbering system used here is based on the 129 amino acid mature IL4 protein, of 
Sequence ID No.: 3 which, in recombinant form, is preceded by Met (RedfieU, er aL, 
Biochentlstry, 30: 11029-11-35 (1991)). 

15 The structures of 114(38-37) in Figure 2(B) and 114(105-104) in Figure 

2(C) were based on that of IL4. 114(38-37) consisted of Met followed by amino adds 
38-129, GGNGG (Seq. Id. No. 50), amino adds 1-37 and a C-terminal alanine. 
114(105-104) consisted of Met followed by amino adds 105-129, GGNGG (Seq. M. No. 
50) and 1-104. For doning purposes, each 114 mutant contained alanine at the new C- 

20 terminus, iliis alanine was readue 104 for 114(105-104) and constituted a^ 
residue for 114(38-37). 

c) Binding Affirdty of Gradarfy Pemuted , 

The binding affinity of the drcularly permuted IL4 is a measure of the 
25 ability of die protein to assume the conformation of native IL4 since it is expected that an 
incorrectly folded protein will have lost some measure of its binding afSnity. To assess 
thdr binding afSnity, tiie drculariy permuted IL4 molecules were compared to native 
IL4 in tiieir ability to displace labded native IL4 ([^g-IL4) from IL4 receptor-bearing 
cells (Figure 3(A)). 

30 IL4 was iodinated using die method described by DAinski er al. J. BibL . 

Oiem., 268: 14065-14070 (1993). Then different concentrations of DL4 (0), 114(38-37) 
(a) or 114(105-104) (□) were incubated witii 0.5 nM ["^q-IL4 and 2.5 x 10* H9 cdls in 
126X of media (RPMI containing 10% FBS). After 1-2 hours at 4**C, the cells were 
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CCTtrifuged through phthalatc oil and the pellet analyzed in a gamma oounl^ (Figure 
3(A)). The ECso, the concentration of protein necessary for 50% displacement 

of IL4, was 0. 19 nM for TLA, 0.22 nM for IL4(38-37), and 0,21 nM for IL4 (105-104). 
Thus the binding activity of the dxcularly permuted IL4 mutants was similar to that of 
5 IL4. Tgfflilte ware found in the displacement of r*^-IL4 from the B-ceH line 

DAUDL 

To ddemune if the drculazly permuted JLA mutants would bind wdl if 
exposed to UA receptor-bearing cells at 4"C, but not at SVC the mutants were 
compared in conqpetition with the cytotoxic activity of die IL4-toxin IL4-FE^ (see 

10 Debinski et al. J. Biol Chenu , 268: 14065-14070 (1993)). 

On A431 based 114 xeceptor-bearing epidermoid cells» L2 nM IL4-FE® 
inhibited protein syntheds 98%; 50% of (his inhibition was eliminated (binding was out 
competed) by L3 nM, 1.2 nM, and 1.4 nM of iL4, IL4(38-37)» 114(105-104) 
respectively. Thus, the drculaily permuted variants bound well at 4"C and 37*'C and 

15 also compete for 114 internalization. These data strongly suggest that the secondary and 
tertiary structures of the drcularly permuted 114 proteins, particularly widi regard to 
cysteine pairing, were very similar to that of 114. This is in dramatic contrast to murine 
114 which does not bind at all to human 114 recq>tors and yet differs only slightly in 
disulfide bond pairing (Carr et d., Biochem., 30: 1515-1523 (1991)). 

20 

d) ProUferadve Acdviiy of Gradarfy Pemuted 

It has previously been shown that mutations in human IL4 which prevent 
its proliferative activity often afGxt binding to a greatly diminiAedexte^ Kruse eroZ., 
EMBO 11: 3237-3244 (1992)- It is dierefbre possible that circularly permuted 114 
25 mutants might bind to. the 114 receptor wi& Aill affinity, but be unable to transduce die 
gi gng^i which leads to prolifyration. Thus it was desirable to determine the proliferative 
potential of drculady pennuted 114. 

To determine the proliferative activity of the circularly permuted mutants, 
Afferent concentrations of 114, 114(38-37), or 114.(105-105) were incubated ydtii 6 x 10* 
30 CTLL"^ cdls ia200 fd of DMEM with 10% EBS for 6.houR and then incubated for 
• • • 18 hours with pH]-thymidine 0)4 ftCS/wdl). These murine cells which are transfected 
with a human 114 recq>tdr cDNA proliferate in a specific manner when exposed to 
human 114. Idzerda et al. J. Exp. Med., 171: 861-873 (1993). 
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Figure 3(B) shows pH]-thyinidme incorporation after 24 hours of exposure 
of the ccU to different concentrations of IL4, IL4(38-37), and IL4(1Q5-104). The 
concentration required for increasing the CHl-thymidine incoiporation to 30,000 counts 
per minute (cpra), which is ^proximately half-maximal, was 0.12 nM for IL4, 0.2 nM 
for II>K105-104), and 0.24 nM for 114(38-37). Thus the proliferative activity of the 
drctdarly permuted UA molecules was SOX to 100% of that of IL4, confirming that the 
three dimensional structure of the circularly permuted mutants was amilar to that of IL4. 

Cirenlarlv Penmited IL4-P sMidmnmias Exotoxin Rision Protein; Preparation aq^ 

PiPlQgjicall AcfiYltY. 

a) ConstmcOon cfpUmdds pRICUQBD and pBKL43BQIRD 

DNA sfq^Tfiir^ encoding IL4(3S-37) were prq)ared as described in 
Example 1. Plasmids pRKL4QKD and pRKL438QRD, encoding IL4-PE38QQRDSL and 
IL4(38-37)^PE38Q, respectively, were constructed by ligating the 0.4 Kb Ndel-Hindlll 
fragment of pRKL4 or pRKL4038, encoding UA or IL4(38-37), respectively, to tiie 4.0 
Kb ffindffl-Ndel fragment of pRK79QRDE encoding anti-Tac(Fv)-PE38Q. 
PRK79QRDE was constructed by site directed mutagenesis and PGR mutagenesis at the 
C-terminus of PE. The resulting plasmids, pRKL4QRD and pBKL438QRD, encode 
BW-PE38Q and II4(38-37)-PE38Q respectively. IL4-PE38Q contains the toxin fused to 
the C*terminus of lU, and II408-37)-P£38Q contains the toxin fiised to the C-terminus 
of IL408-37). In each case, the 6 aminos adds ASGGPE ^eq. Id. No. 57) connect tiie 
ligand to the toxin. 

b) Plasndd expression and purffication 

Expression and purification of the plasmids pRKL4QRD and 
• pRKI438Qia> was perfomed as in Example 1. 

c) Bindbig Affinity qf amdarty Permuted ILUoxin 

Figure 4(A) shows the binding activity of dirularly permuted HA-PE 
fusion protein compared to the native IL4-PE- fusion protein. DAUDI cells (1 x 10* 
cells) in 200 ;d aliquots of media (RPMI containing 1038 FBS) were incubated at 4'C for 
1-2 hours with [^-114 (0. 1 nM) and diffaent concentrations of !!>*(□)• IL4(38-37)- 
PE38Q (•) or IL4-PE38Q (O). Each cell aliquot was centrifiiged over 150 pi: of n- 
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butylphtlialate and the cell pellet counted in a r counter. The EC», the concentration of 
protein needed for 50% displacement of i"*I]-IL4, was 0.14, 1.4 and 18 for HA, IL4(38- 
37)-PE38Q, and IL4-PE38Q, respectivdy. Figure 4(A) shows that the recombinant 
fusion toxin IL4(38-37)PE38Q was greater tiian 10 fidd more potent than IL4-PE38Q in 
.5 displacing [•'^q-IMftomlU recq>tor bearing DAUDI cells, 

d) Cytotooddty qfaradtaty Penmted lL4-toxln 

Figure 4(B) shows the eytotoncactivi^ of IL4-PE. IL4 rec^lor-bearing 
ATAC-4 cells (Kieitnian> et oL Blood, 83: 426-434 (1994)) were plated at M J x 
10. iO«/wdl to 24 hoars, and then inciAated in 200 /ilaliquots in DMEM contain 

FBS fbr 24 houra at 37»C with different concentrations of IU(38-37)-PE38QQREL (•) 
or IM-PE38Q (O). Cdls were also incubated with IL4C38-37)-PE38Q (a) or IL4- 
PE38Q (a) each combined with an excess (10 /tg/ml) of IL4- *n»e ceDs wens then pulsed 
wiftpHhleudnelftC3/well for 3-6 hours, harvested and comfled- TheIC»'s, the 
15 concentrations needed for 50% inhibition of protein syntiieas, were 0.24 and 0.75 ng/ml 

for IL4p8-37)-PE38Q and IL4-PE38Q, reqwctivdy. 

As shown in Figure 4(B), the cytotoxic activity was specific for the IL4 

receptor and was reversed by an excess of IL4. Toxins fused to circularly permuted 

forms of 1L4 qipear to constitute improved reagents fotHbsin vivo treatment of IL4 

20 receptor bearing tumors. 

PK.nflratinii of Circ p taHv Penrmted T4rantl-AntB)0<lT?te1gB fP lldeS. 

Plasmid pULI9, encafing B3CFV)-PE38KDEL (Brin V m a nn et oL, Pnc 
Nad. Acad, Set. VSA, 89:3075-3079 (1992)) was separately amplified wiih VK116 and 
BK50, and then BK54 and VK281. 31je 2 amplified fiagments were used as an 
overlapping template in a 3rd PCR reaction, ttsing VK116 and VK281 as primers. Hie 
amplified ftagment encodes PE amino adds 466-608 and the C-teminusKDEL Hie 
fragment was cot wifli EAGl and BcoW, and the 0.37 Kb fragment figaled to tiie 4.5 KB 
fragment of pXJU9. The resulting plasmid, pRKB3F, was identical to pXJLK excqrt 
CQdon 493 of PE, ATC, was rq>laoed with ATT which eliminated a BamHI site. 

PlasnuM pUL120, enoxling B3CV„)-PE38KDEL (Brinkmann ef oL, J. 
ImmmoL 150:2774-2782 (1993)) was amplified witii primers BK24 aiid BK55. The 
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0.41KB XBAI-Hindm ftagment of Ac amplified DNA is ligated into the 4,0 KB Hindm- 
XBAI ftagment of pRKB3F. The resulting plasmid, pRKB3H2, was identical to 
pUL120, except that codon 114 of B3(V„) (CTG) was replaced with GAG, resulting in a 
L114E mutation. Codons 112-113 were also changed ftom GGG-ACT to GGT-ACC, 

5 resulting in a new unique KPNI site. Hasmid pRKB3H2 was amplified with the primers 
BK97 and BK64, and file amplified DNA cut with BAMffl and EcoRI. pRKUEL, 
encoding II>^ELKA was amplified uang primers BK87 and BK96, and the anq)Iified 
DNA cat with BgUI and BAMffl.. The 0.51 KB BgLH-BAMHI ftagment and the 1.1 
KB BAMHI-EcoRI ftagment were then ligated to the 2.9 Kb BgUI-EcoRI ftagment of 

10 pRK79, which encodes anfiHftc (Fv>-PE38 (Krdtman et aL , Blood 83:426-434 (1994)). 
The resulting plasmid, pMaM9K, encodes JLA, foUowed by the spacer (GGGGS)4 <?eq. 

U. No. 55), and 7E38KDEL. 

Plasndd pIUCl>MB8, encoding IL4 08-37), was amplified uang prin^ 

BK1I7 and BK64, and die DNA cut with Ndd and Hindin. 

15 Hasmid pKKL49K was amplified by primers BKl 16 and BK63, and die 

DNA cut with ffindm and SacD. The 0.39 KB Ndel-HindHI ftagment and the 0.45 Kb 
ffindm-Sacn ftagment were ligated to tf>e 3.6 Kb Ndel-SacH ftagment of pRK749K 
(Spence et al., Biocoj\iugate Oiem. 4:63-68 (1993)). The resulting plasmid, pRKDGlK, 
encodes MD, amino adds 39-129 of 114, GQNGG (Seq. Id. No. 5Q), amino adds 1-37 

20 of IM, the spacer AS(GGGGS)4 (Seq. Id. No. 5Q, and PE38KDEL. Fmally, 
pSKL/miK was obtained by Hgating the 0.45 KB XBAI-Hindm ftagment of 
pRKLiDGlK to the 4.0 KB XBAI-Hindm ftagment of PRK749K. The resulting 
plasmid pMDlK differs ftom pRKUDGlK in that it encodes the spacer ASGGPE (Seq. 
Id. No. 57) instead of AS(GQQGS)« CSeq. M. Nd. 5Q. 

25 Onaila^ permuted 114 was connected to a dngleH*dn IV, in onler to 

target IUrecq>tor-bearing immune cdls to antigentwsitive cancer cells. Plasmid 
pRKMDlK, which encodes IM(38-37)-PE38KDEL, was amplified with primers BK-132 
and BK-133; Tlie amplified ftagment encoded IL4(38-37) and contained a Hindm site at 
the 5' end and a Sad site at the 3* end. Hie 0.4 Kb Hindm-Sad ftagment was tiien 

30 ligated to the 3.8 Kb Sad-Hindm ftagment of pRKB3F. The resulting plasmid, 
.pRKB3L*38, encodes B3(Fv)-IU(38-37). 

The plasmid is introduced into K coli BI21 (XDE3), expressed by 
induction widi isoptopythiogalactoside (IPTG), isolated and purified as described in 
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Example 1. 

FMinple 4 

Prenflration of arculnrlv Pe p"'*'^ TI^ Diphtheria Toxin FuSlon protein^ 
5 To make a diphtheria toxin molecule targded by diculaily permuted IL4, 

the 0.4 Kb Ndel-Hmdni fiagment of pRKUDlK (see Exam^e 3) was ligated to the 4.2 
Kb midra-NdelftagmeiU of pVCDTl-lU,virtuch encodes I)T388-IL2. aiandhaiy,« 
aL. moch. Biophys. Res. Comm., 180: 545-551 (1991). The resulting plasmid 
pRKDTL438, encodes DT388-IL4(38-37). 
10 The idasinid¥W introduced into £L co&'BLZl (XDE3), eqires^ 

inducdon with isoprapythiogalacto^ (IFFG)t isolated and purified as described in 
Example 1. 

Fxanpllgg 

15 PremiratfMi of aroilariv PCTnmt^Jga. 

Plasmid pVCDTl-IL2, encoding DT388-IL2 (Chaudhary ex al. , Biodtenu 
Biophys. Bes. Comm. 180:545-551 (1991)), was amplified with BK-83 and BK-84, and 
cut with XMAI and EcoRL The 0.42Kb XMAI-EcoRI fiagment was ligated to tfie 4.2 
Kb XMAI-EcoRI fiagment of pVa)Tl-lL2. The resulting plasmid, pRKDL2, encodes a 

20 proton of sequence identical to dMt of DAB«9lL2(raams<f at, /. BfoL Cfcm. 

265:11885-11889 (1990)). 

To make dicularly permuted U2» pREDI2, encoding DABniIL2, was 
used as a ten^Iate. IL2 codoos 1-38 were amplified u^g primers BK-135 and BK-136. 
The S' end of die anqdified fcagnxnt encodes the GGNOO linker ^eq. U. No. SO) ffl^ 

25 the 3* end contains a ffindmdte. IL2 codons 39-127. were amplified using primers BK- 
137 and BK-138. The 5* end of this fiagment contains an Ndel rite and die 3* end 
encodes die QGNGG linker 0eq. Id. No. 50). The ov^i^g fiagments were dien " 
amplified in die 3rd reaction using I«iinersBK.137 and BK-136. The 6.4 Kb Ndel- 
Kndin fiagment of dris PGR product was ligated to die 3 Kb HSndm-Ndel fiagment of 

30 pKKU, which encodes llA. The resulting plasmid, pRKL2039, encodes IL2(39-38), 
■ and contains a stop codon widiin die Hindffl site. Plasmid pRKL2039. was dien 

• . . . amplified widi die T7 promoter primer BK-78 and BK-149. The 0.4 Kb Ndel-KBndm 
fiagment, whit* does not contain a stop codon wdiin die IBndin site, was ligated to die 
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4 Kb Hindni-Ndel ftagment of pRKB3F. The resulting plasmid, pRKL2399K, encodes 
IL2(39-38)-PE38KDEL. The plasmid was introduced into E. coU BL21 (XDE3), 
expressed by induction vdth isopropythiogalactoside (IPTG), isolated and purified as 
described in Example 1. . 

5 

Pr^paratian of rtrmlariv l»«inirted GM-CSF and G-CSF. 

To make diculady pennuted GM-CSF or G-CSF, templates encocfing the 
native forais of these molecules were first doned from a ^leen cDNA library uang 

10 ' either primers BK-143 and BK-144 or BK-153 and BK-154, respectively. GM-CSF 
codons 1-35 were amplified using BK-139 and BK-140. whfle GM-CSF codons 36-127 
were anqilified uang primers BK-141 and BK-142. The 5' end of fee first fragment and 
the 3* end of the second fragment both encode for a GGGNGGQ linker (Seq. W. No. 
52). The overlapping products were amplified in die 3rd PCR reaction using primers 

15 BK-141 and BK-140. The 0.4 Kb Ndel-Hindm ftagment, whidi contains a stop codon 
within the Hindm ate, was dien ligated to the 3 KB Hindm-Ndel ftagment of PRKU, 
resulting in pRKGM036, which encodes GM-CSF(36-35). Plasmid pRKGAfi)36 woe 
then amplified with primen BK-78 and BK-150, and the 0.4 Kb Ndel-Hindni ftagment, 
which does not contain a stop codcm wUhin die ffindm was ligated to die 4 Kb 

20 Hindm-Ndel ftagment of pRKB3F. The resulting plasmid, pRKGMSeSK, encodes GM- 
CSFQ6-3S)-PE38KDEL. 

G-CSF codons 1-68 were anqdified u^g pitaen BK-15S and BK-156, 
and codwis 69-173 amplified uang primers BK-157 and BK-158. The 5' end of the first 
ftagment and the 3' end of the second ftagment both encode the GGGNGGQ linker (Seq. 

25 Id. No. 52). The overiawtog products were an^Bfifrf in the ttini PCR leactiOT 

primers BK-157 and BK-156, and tiie OJ Kb Ndel-IBndlll ftagment ligated to die 4 Kb 
Hindin-Ndel ftagment of pRKB3F. The resulting plasmid, pRKG699K, encodes G- 
CSF(69-68)-PE38KDEL. 

The plasmid is introduced into £. coU BL21 (XDE3), expressed by 

30 induction with isopropythiogalactoside (IPTG), isolated and purified as des^ 

• Example 1. • 

Kitamole? 
f^y^y*^ «f IL4qK-37).PE38KDEL 
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The CP-H^-toxin described in Example 2, IL4(38-37)-PE38Q is conqKwed 
of 114 amino adds 38-129, the linker GGNGG, TLA amino adds 1-37, the connector 
ASGGPE, PE amino adds 253-364 and 381-608 with the K590Q and K606Q mutations, 
and the RDEL C-terminus (Figure 5), The II>K38-37)-PE38KDEL differs fiom 
II>K38-37)-PE38Q in two ways. First, it contains the truncated toxin PE38KDEL, which 
consists of amino adds 253-364 and 381-608 of PE with the native lysine residues at 
positions 590 and 606, and it. ends with KDEL instead of RDEL. Secondly, 
II>i(38-37)-PE38KDEL contains aspartate replacing Asn38 im mediately following the 
initiator methionine. PE38ia>EL was particulariy wdl suited for to i<w stu<ty in vie^ 
10 of the antitumor data already accunuilated with B3(Fv>PE38KDE^^ 

anti-Tac(Fv>PE38KDEL, and anti-EAB2(Fv)-PE38KDEL (Brinkraann et d. Proc NaO. 
Acad. Sd. USA, 88: 8616-8620 (1991), Krdtman et aL, Blood, 426434 0994). Batza et 
al. Proc Natl Acad. Sd.. USA. 89: 5867-5871 (1992)). 

15 A> Polymerase diatn rcactfon 

Polymerase diain reaction (PGR) was performed using the Gene-Amp Idt 
(USB, aevdand, Ohio, USA) by denaturing at 94*C for one minute, annealing at 55^C 
(unless otherwise stated) for 2 minutes, and polymerizing at 72X for 3 minutK^ Atotal 
of 30 cycles were used, with a 10 second/cyde extension to polymerization. 5% (V/V) 

20 formamide was used in the PGR reactions. Primers were separated from PCR products 
using Centricon 100 (Amicon, Beveriy, MA) and restricted without further purification. 
Plasmids were sequenced using a Dyedeoxy Tterminatpr cyde sequencing kit and an 
automated sequencer (Applied ffiosystems, Foster CSty, CA). 

25 'B^ Piagnid constnicHon 

Tlie compoation of prolans encoded by pMCUDlK, pKEaU5»^ 

pmi438Qia)^pRKI>4QBD is diagramed in The two circulariy 

pcrmuted(<aOII>i-toxins contain n>» resi^ 

to IM residues 1-37. II>»(38-37)-PE38KDEL differs from IL4(38-37)-PE38Q in that it 
30 contains aspartate repladng aqparagine at the N-terminus Qust after tiie initiator 

meftionine) to improve production. All four toxins contain the amino adds ASGGPE 
t»nnecdng the ligand to PE. The latter two toxins were described in Example 2, 
piaa>»DGlK is an intennediate plasmid encoding 
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with the amino adck ASaS^S)^ connecting amino acid 37 of DL* to amino add 253 of 
p£. pRO^HlK is identic to pKOUDlK excq)t it encodes 
jn< fti»gH of D between the initiator methionine and residue 39 of IL4. pRKL4DlKM 
encodes E408-37)-PE38KDEL*^''t which identical IL4(38-37)-PE38KDEL excq>t it 

5 contains the ESS3D mutation which abolishes ADP-ribosylation activity (CanoU, et at. J. 
BioL Oienu. 262: 8707-8711 (1987)). pRKL29K encodes the immunotoodn IL2- 
PE38KDEL, which contains the indevant ligand, interleukin-2, having the same ^ as 
IL4. pVaDTHL2 encodes DT388-IL2 (Oiaudhary ef oL, Biachem. Biophys. Jto. 
Conumm., 180: 545-551 1991)). pRKB3F encodes B3(Fv)-PE38KDEL (Brinkmann ef 

10 al. Pwc NatL Acad. ScL USA, 88: 8616-8620 (1991)). pWDMH4;38Q encodes 

hlL4-PE38QQR, whidi is identical to IL4-PE38Q excqjt it ends with REDLR instead of 
RDEL (Ddjinski et al. Int. J. Cancer, 5i: 744-748 (1994). Kreitman et aL modtendsay, 
33: 11637-11644 (1994)). pRKL49K encodes IL4-(G4S)4-PE38KDEL (see Example 2). 
pMr749K encodes anti-Tac(Fv)-PE38KDEL and pRK79KM encodes a E553D mutant of 

15 this protein (Kreitmah et al. Blood, 426-434 (1994). pRKM encodes native IL4 (see 
Example 1). pIlKL4038 encodes IL4(38-37) alone without the toxin. 

In all recombinant toxins excq)t ]I>i-(G4S)4-PE38KDEL, the sequence 
KAS at the end of the ligand is encoded by the sequence 5'-aaa-gct-tto-3% which contains 
a Hindin site. The beginning of all ligands is encoded by a sequence containing an Ndd 

20 site. An Xbal site exists 39 bases upstream from the coding regioM All 
P£-encoding plasmids contain a Sacn site at codon 413 of PE. 

TfSSLAXaii was prapazed by ligadng a fragment encoding CP-IL4 (encoded 
by the 0.38 Kb Ndcl-Hindin fragment of pRKM38QM)) to the 3.0 Kb IDndlll-NdcI 
fragment of pRKM. To replace at the N^enninus with aqiaitate, p^^ 

25 amplified with the oBgonudeotide primers BK117(5'-gga-gat-ala-^ 

aca-act.gag-aag-gaa-3*, Sequence ID No. 25) and BK64 (3*-cgt-tat-tga-tcg-tat-tgg-gga-5', 
SequoicelDNo. 58). To place a Hindin site at the 5' end of the toxin gene, pRKL49K 
was anqilified with primers mi6 (5'-tat-tca-aag.taa-gct-U^^ 
' Sequence ID No. 24) and BK63 (3'-ccg-tgc-gtc-ttg-acc-tgc-cac-5\ Sequence ID No. 59). 

30 This latter PCai stqi required an annealing temperature of 42-5a'*C pKEWDGlKwas 
obtained by Ugating the 0.39 Kb Ndel-Hindm fragment of Ae first product and the 0.45 
Kb Hindm-Sacn fragment of the second product to the 3.6 Kb Sadl-Ndel fragment of 
pRK749K. pRKUDlK was tiien obtained by ligating flie 0.45 Kb Xbal-Hindm 
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&agmentofpRKMDGlKtothe4.0KbHindni-XbaIfiragmentofpRK749K. To place 
the amino adds HKN at the N-terminus, pRKL4038 was amplified vnOi BKllB 
(5'-taa-gaa-gga-cat-atg-cat-aag-aac-aca-act-ffag-aag-3*) and BK64. pKKUHlK was then 
obtained by ligating the 0.39 Kb Ndel-Hindin fragment to the 4.1 Kb ffindm-Kdd 

5 &agmentofpRKB3F. pRKUDlKM was obtained by Hgadng the 0.44 Xbal-Hindn 
ftagment of pRKMDGlK to the 4.0 Kb Hindm-Xbal ftagment of pRKTSHrf. . 
PRKL.29K was obtained by ligating the 0.42 Kb Ndd-Hindin ftagment <rf pVCDTl-lL2 
to the 4.1 Kb Kndm-Ndel ftagment of pRKB3F. pRKL459K was obtained by legating 
the 0.44 Kb Xbal-EDndm ftagment of pWDMH4.38Q to the 4.0 Kb Hindin-Xbal 

10 ftagment of pRK749K. 

n Wagiild eam n^nn and pnrtrin TWirifigfltion 

Plasmids were expressed and proteins purified as described above in 
Example 1(b). Briefly, plasmids encoding IL4-toxins and control molecules were 

15 e:qaessed in E cott BL21(XDE3) and flje insoluble inclusion' bodies purified by washing 
with detergent containing Triton-X-100. The induaon bodies were diss(dved in • 
denaturing solution containing 7 M guanidine:Ha and reduced wifli 65 nM 
dithioerytfuitol. The protein was lenatured by 1:100 ditation into a redat buffier 
containing 0.9 mM oxkfized gtatafluone and 0.5 M L^B^inine and to 

20 exdiange and iazing dnomatogr^y. Recombinant protdns were >95% pare hy 
SDS-PAGE. 

Tiffert i>f Medlf ^ W-TMBiInn^ Crowth at 1V«isfonned 
25 As shown in •Wde 2, £:<»fl..BL21(XDE3) transformed with plasmid 

: . encoding the CP-II>ktoxin'iL4(38-37)-PE38Q grew only 295 as wdl as the expression 
bacteria transfoimed with phsmid encoding the native lL4-toxin IL4-PE38Q or 
IL4-PE38KDEL v*ich began with the amino add sequence MHKCD. A posable 
ejqjianation for this important technical problem is that the new amino terminus 

30 (JMNTITE) interacts widi the £L coffin a manner vrf^ 

rq)roduction. This problem was not solved by adding ftp first two amino acids of native 
JLA to the N-terminus.of E>t(38-37) to" make MHKNTT..., since, as shown in 
Table 2, £. coa e:q>ressing this construction also grew very poorly. However, when fte 
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aspangine at the amino terminus of rU(38-37)-PE38KDEL was changed to aj?artate so 
that the amino tenninal sequence became MDTTE..., bacterial growth was very good, 
reaching a level that was 4055 that of native IM-toxin. The N38D mutetion has been 
used in UA previously to prevent hyperglycosylation during its expression in yeast 
(Powers et d.. Biochemistry. 32: 6744-6762 (1993), Curtis efal Prot. Stnia. Fwict, 
Genet.. 11: 111-119 (1991), Vitetta etaLJ.Exp, MetL, 166: 476-488 (1987)). Hie new 
N-tetminus generated by areolar permutation of flie Ugand leads to diminished bacterial 
grow* and low protein oqaesdon, wtich is overoome by altering Ae amino terminus 
firom MNTTE to MDTTE. 

T^ble2i Effectof the amino tenninus of IL4-toxin 00 growth of transfonnedE. cog 



Plasmid II4-toxin name 


N-tenninus after 
initiator Met 


E. cofi growth 
ODfisj/plate 


pRKL4QRD IL4-PE38Q 


HKCDITLQ 


44 


pRKL459K IL4-PE38KbEL 


HKCDIILQ 


41 


pKKL438QRD IL4(38-37)-PE38Q 




0.95 


pRKUHlK IW(HK)(38-37).PE38KDEL 


HKNTTEKETF 


QA7 


pRKUDlK IL4(38-37)-PE38KDEL 


DTTEKETF 


16 



20 Competent BL210JDE3) (50 ftl) was incubated with 2 /ig of plasmid at 4»C for 30 
minutes and 42'C fat 1 nnnute, shaten with SOC media at 37'C for 30 minutes and 
plated on 2 plates of LB-agar containing ampidBlin 100 Mg/ml. Aft er incub atmg 14 
hours at 37°C, the bacterial cells were resuspended and the ODjm determined. 

n\nMn» Artivitv ftn<i C^i»Mtv nf n4f38-37>-PE38KPEL 
.■ - p rah and cell tulfaire 

The human qiidermmd canaioma cdl line A431 ojntaihs -500 rU 

iecq)tors per cell (IL-4R/ceIl). Antitumor experiments were performed uang a 

30 derivative of A43 1 , termed ATAC-4, which also di^jlays IL2R« subunits (Kreitman, et 

aL. Blood. 83: 426-434 (1994)). This derivative of A431 was used because it was 

cloned from a angle ceU, and was more homogenous with respect to IL4R expresaon 

than tiie parent A431 line. 

nie suspension ceU lines Daudi, BL41 and JD-38 were incubated with 

35 toxins in 96-weU plates at 4 X 10* ceUs/ml. The remaining adherent cell lines were 
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plated at 1-1.5 X 10*/well 24 houn prior to the addition of toxin. The media was RPMI 
containing 10% fetal bovine serum (FBS) for the Burkitt's lymphoma, breast cancer and 
colon cancer cell lines, and DMEM containing 5% PBS for the epidermoid and lenal cell 
lines. After incubating fte ceus wth toxins for 24 hours at the cdb were 
with CH)-leucine (1 ftO/weU) for 4-6 hours, harvested onto glass fiber filters and 
counted in a Betaplate (Phaxmada-LKB, Kscataway, New Jersey, USA) scintilladon 
counter. PHA cdls vme prepared by incubating normal peripheral Uood mononuclear 
cells with phytohemagglutinin (10 fig/mQ for 3 days and IL2 for 2 days. The cells (4 X 
10*/well, 100 fd/wdl) were incubated widi toxins in media conasting of 2% RPMI, 88% 
leudne-fiee RPMI and 10% FBS for ^40 hours, pulsed with fH>leuctne (1 fiCi/weU) 
for 6-8 hours, harvested and counted. ICm's are the toxin concentrations necessary for 
50% inhibition of piotem synthesis. E3q)eriments were performed in triplicate and flie 
median of each triplicate used to calculate ICjo's- Several independent experiments were 
conducted far each cell line. 

^\ Binding AttWtv of n^G8-37)-PE38KDEL 

To quantitate the improvement in binding affinity of the CF-IL4-todn 
IL4(38-37)-PE38KDEL.over die native II4-toxin IL4-PE38KDEL, the IL4-taxins were 
tested for their ability to displace [^^UA from the IL4R Daudi cells. IL4(5 fcg) was 
iodinated with I 'mGNa [^I] by the Enzymobead method (Bio-Rad, Mdville, New 
Yoric, USA). Daudi cdls (1 X 10^ were incubated in 0.2 ml alquots with 0. 1 nM G X 
10* CPM) ff^'TlA and various ooncenttations of toxins in media conristing of RPMI 
containing 10% FBS. After incubating at 4*C for 1-2 hours, the cdls were centrifiig^ 
over n-butyl phthalate and counted in a y-counter. Assays were perfi}rmed in tripBcate. 

The ECjoi the protein concentration necessary for 50% displacement of 
p^ILt, was 1.25 nM for IUp8-37)-PE38KDEL and 10 nM for IL4-PE38KDEL. 
The binding afBjuty of BW(38-37)-PE38Q was similar to that of IL4(38-37>PE38KDEL 
and the binding afiMty of n>PE38Q was similar to that of IL4-^ lHus 
even though die amino terminus was MDTTE instead of MNTIE, tiie binding was stiU 
8-10-fold improved compared to native IL4-toxin. 
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Table 3: Effect of dicular permutation of iL4-toxin on cytotrodcity 



5 



CeUIine 


CdlType 


IC«(ng/ml) 
IL4G8-37VPE38KDEL 


IL4-PE38KDEL 


MCF-7 


Breast Cancer 


0.6 


Z.0 


ZR-75-1 


Breast Cancer 


6 


13 


Daudi 


Buridtt's Lymphoma 


0.4 


2.2 


BL-41 


Buridtt's Lymphoma 


25 


125 


JD-38 


Buridtfs Lymphoma 


20 


65 


HT-29 


Colon Cancer 


0.4 


L8 


LS174T 


Colon Cancer 


9 


30 


CoIo-201 


Colon Cancer 


0.45 


2.3 


Colo-205 


Colon Cancer 


0.8 


4 


SW1116 


Colon Cancer 


8.5 


35 


SW403 


Colon Cancer 


6.5 


35 


A431 


^idermoid 


A 1 




CAKI-I 


Renal cell 


40 


95 


RC2 


Renal ceO 


1.7 


7 


RC21 


Renal cell 


0.7 


2.7 


RC43 


Renal cell 


35 • 


75 


UOKlOl 


Renal cdl 


15 


40 


PHA 


T-cells, Activated 


0.3 


1.4 



n Cvtotoidc f irHvitvofn4G8-37>>P^ 

To detennine fte qrtotoxic activity of IL4(38-37)-PE38KDEL, fte 
CP-ILA-toxin and the native IL4-toxin IL4-PE38KDEL were incubated with a varieQr of 
different types of tumor cells and protein synthesis was measured by determining 
30 pH]-leucine uptake. Table 3 shows the ICjo's (the toxin concentrations necessary for 
50% inhibition of protein synthosis). IL4<38-37)PE38KDEL was several-fold more 
cytotoxic tiian IL4-PE38KDEL toward aU cell lines. The cytotoxic advantage of IL4P8- 
37)-PE38KDEL ranged ftom just about 2-^fold on CAKM, ZR-75-1, RC43 and UOKlOl 
cells to > 5-fold for Daudi, Colo-201 and SW403 cells. 
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p\ Sneeiridty "f *hg evtotoif|V aetivltv. 

To detennine whether the (^toxicity of IL4(38-37)-PE38KDEL toward 
A431 cells was specific in requiring I14R binding, intBmalizalion and ADP-ribosylalion 
activity, several control experiments were performed. IU-PE38KDEL contains the same 
5 truncated toxin as il4(38-37)-PE38KDBL but wntains a different binding domain; U2. 
IL2-PE38KDEL had no cytotoxicity at 10 ng/ml on A431 cells, indicating that the 
cytotoxicity of IU(38-37)-PE38KDEL is not due to nonqjcdfic internalization but 
requires ipedfic binding. Anoflier control molecule IL4(38-37)- 

HE38KDEL*^ contains the E553D mutation whidi abdiAes ADP-ribosyMon acti^ 

10 (Candl etdl,.J. BioLChenu, 262: 8707-8711 (1987)). IU(38-37)-PE38KDEL*^ 
was also not cytotoxic toward A431 celh. indicating that the <7tbtori 
II>|(38-37)-PE38KDEL lequiies toxin inlemalization, translocation to the cytosd and 
ADP-ribosylation of EF-2. Binding to the IL4R is also required, since an excess of IL4 
can prevent the cytotoxicity of II>t(38-37)-PE38KDEL toward A431 ceUs. 

15 CompetitionofthecytotoxicityofIL4(38-37)-PE38KDELbyanexcessof 

JLA was also, performed for MCF-7. Daudi, Hr-29. LS174T. Cola-201, Colo-205. 
SW1116, SW403 and PHA cells and in all cases the cytotoxicity was reversed indicating 
IL^R-tnnding was required for qrtotoxicity. 

j^rH y of TT>t.To «faM fa Mice 
It is possible that the new junction between IL4 and PE in E^(38-37>- 

PE38KDEL would dlow the toxin to bind and internalize nonspedfical^ 

tissues, particularly the liver, and hence nullify any potential therapeutic advantage of the 

25 CT-IL»-toxin over the native n>Woxin. To examine, this p<«^ 

dosesofdtherIL408-37)-PE38KDELqrIM.PE38KDELwereinjectBd.Lv^ intonude 
mice. Tible4showsthatILK38-37)-PE38KDELandIU-PE38KDELweresimiliar 
with respect to toxicity to mice. Tte calculated LD« for II>K38-37)-PE38KDEL was 
475MgA*X3.comparedto525Fg/KiX3forIU-PE3gKDEL. This difference is not 

30 ignificant. Tlius the toxidty of IW toxin is not significantly enhanced by circular 

. peii^iftation of the ligand. 

To determine the organ m jnice wUch .determincs the maximum tolerated . 

dose, mice recdving IM(38.37)-PE38KDEL were dtiier sacrificed 2-3 days after the last 
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dose, or Wood was wthdrawn from the orbital sinus and serum chemistries determined. 
In the highest doses administered, senim glutamine oxalate and glulamine py^ 
ttansaminases were devated and H/E stains of Uvcr indicated hemorrhagic nec«>sis. 
THUS the dose limiting toxicity of E>«(38-37)-PE38KDEL in mice is due to liver toxicity. 
5 siniilar to what has been seen with anti-Tac(Fv)-PE38KDEL (Kidtman «f al. Blood, 83: 
426-434 (1994)). THis toxic effect is most likdy due to nonspecific uptake of the toxin 
by the Uvcr. since murine lUR docs not bind human lU Morrison er al 7. Biol. 
Oiem., 267: 11957-11963 (1992)). 

IQ frample 11 

]M.a ^ncnkine *Si'5 ">^Toxins In Mice 
For the improved binding of the CP-IM-toxin to give an improved 
therapeutic effect, the stability of the CP-II>t-toxin should be similar to that of native 
IM-toxin. To determine if this is the case. 10 « of IL4(38-37>PE38KDEL or 
15 IW-PE38KDEL was injected i.v.. via the tail vein, into nude female mice weighing 16- 
22g. At 2, 5. 10, 20, 30, 40, 60, 90, 120. 240 and 360 minutes ibilowing injection, 
blood (50-100 Ml) was drawn ftora the ortriial sinus. AH mice were drawn at 2 minutes 
and 3^ times thereafter. At least 3 mice were dniwnfc each time point Tlie serum 

was stored at -80'C prior to determinalion of toxin levels. 

20 senmilevds of recombinant toxins wens detennined by their (^tirtox^ 

activity toward Daudi celb, using a standanl curve curve made from the ieq»^ 
purifiedtoxin. m plasma disqq«anmce of II^8-37)-PE38roBL was nea^^ 
tothatofIL»-PE38KDEL. The calcuIaiedW was 10 minutes in the case of both 
IU(38-37)-PE38KDELand IM-PE38KDEL. TTius circular permutation of does not 

25 in^flie stability of the toxin fii^n in vlw. 

yaMmok 12 

^,,ffl i.m«r Artivi f T ^K-l^ring Qm\nm^ fa> 

To determine if the improved binding and cytotoxicity of CP-IL4-toxln 
30 would lead to improved antitumor activity in vivo, nude mice were injected with A431 
cells subcutaneously and treatment began four days later when tumors readied a size of 
26-60 mm^ Mice were treated i.v. ivith IMC38-37)-PE38KDEL or IW-PESSKDEL 
every other day for 3 doses. In all tumor experiments, tumor cdls were injected on day 
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0 and mice were treated on days 4, 6 and 8. Figure 6 shows the calculated tumor 
volumes during and after treatment Hie data in Figure 6 constitute averages of up to 5 
different indq»endcnt experiments. In all treatment groups, tumors decreased in size 
significantly by day e jiist 2 days after initiation of therapy, and usuaDy reached a . 

5 maximum response by day 8. For both ILK38-37)-PE38KDEL (Figure 6A. Band Q 
and n>l-FE38KDEL (Figure 6D, E and F), a dose-response effect was observed. By the 
Mann-WWtney rank order test, day-15 tumor sizes were smaUer with 100 ^g/Kg X 3 
compared to 50 Mg«g X 3 of II4(38.37)-PE38KDEL (p<0.006). and with 200 /ig«g 
X 3 compared to 50 Mg/Kg X 3 of IM-PE38KDEL (p<0.024). At each of the three 

10 dose levds, 50, 100 and 200 ^g/Kg X 3, day-lS or day-15 tumor sizes were smaller 
after IL4(38-37)-PE38KDEL than after E>*-PE38KDEL (p<0.002. 0.0001 and 0.095, 
for the 50, 100 and 200 Mg/Kg dose levels, respectively). Moreover, day 13 or day-15 
tumor sizes were also smaUer after 50 ;.g«g X 3 of Il>K38-37)-PE38KbEL than after 

100 Mg/Kg X 3 of IL4-PE38KDEL (p<0.005) and were smaUer after 100 /xg/Kg X 3 of 
15 IM(38-37)PE38KDEL than after 200 ^g/Kg X 3 of II>t-PE38KDEL (p<0.002). Thus 
IM(38-37>PE38KDEL was more active fri Ww than IL4-PE38KDEL, and the difference 

was at least 2-fohi. 

Table 5 shows in how many mice tumars conq)letdy regressed «*en 
treated with either IW(38-37)-PE38KDEL or EA-PESSKDEL. A complete reqwnse 

20 (Oi) is defined as con5)letB disappearance of tumor persisting at least until day 15. At 
doses at or above 100 Mg/Kg X 3. an mice treated with IM(38.37).EE38KDEL obtain a 
CR. At50««gX3, 80% (24/3(0ofthemicetrealed withIU(38-37).PE38roE^ 
obtained a CR.conq>aied to only 3/10 mice treated wWiEA-PEBSKDEL. In feet, even 
at a four-fold higher dose, 200 iLgfKg X 3. only 10% (7/lQ) of mice obtained CR's with 

25 .. II>^PE30a>EL Tliis indicates that the antitumor effK* of the CP-IU-b^ 

IL4(38-37)-PE38BBEL is at least four-fbld higher than that of the native IL4-toxin UA- 
.PE38KDEL. However, since some mice in all treatihent . groups obtilined CR, the error 
■ bars around the mean tumor sizes are iarge (Figure 6). Nevertheless, chi-square analysis 
of CR rates in mice (Table IV) indicated that IMC38-37)-PE38KDEL 50 ^.g/Kg X 3 was 

30 more effective than twice that dose of E>t-PE38KDEL(p<0.025) and that IU(38^^^^ 
• PE38ia)EL 100 ,»g/Kg.X 3 was more effective than twice that dose of ^>^PE38iKDEL 

(p< 0;005). . 

Antitumor study. Nude female mice 6-8 weeks of age and weighing 16-22 g were 
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injected usuaUy wift 0.5-1 X 10» A431 ceUs subcutaneously pn day 0 and by day 4 smaU 
tumors had developed. Mice were then treated i.v, with leooinbinant tadns on days 4, 6 
and 8. Tumor volumes were calculated based on Ae formula volume = (length)(widd>)^ 
(0.4). 

Table S: Antitumor reqxmses widi IL4-toxins 



Dose level 


CR rate (complete lemissions/total mice) 


Otg/Kg i.v. QOD X 3) 


IU(38-37)-PE38KDEL 


1L4-FE38KDEL 


25 


2/10 




50 


2«/30 


3/10 


70 




4/10 


100 


30/30 


4/10 


140 




5/10 


200 


5/5 


7/10 



Mice (-20 g) were injected subcutaneously on day 0 and tumors developed by day 4. 
20 CR (complete remission) is defined as total fisappearance of tumor peiasting at least 

until day 15. 

p,i«ihlt> Complete Remissions 
25 To determine how durable tiie CR's were to iL4-toxins, two indq»endent 

ejqwriments were performed where groups of 5 mice (total of 10 mice/group) were 
treated with ILK38-37)-PE38KDEL at 50 or 100 ^gAKg QOD X 3, or IL4-PB8KDEL 
at 100 or 200 Mg/Kg QOD X 3 and Aen followed for 100 days. Figure 7 shows the 
combined data of the two experiments showing the parent of animals developing CR's 
30 and percent of aminals maintaining these CR's. All animal treated with 

IL4-(38-37>PE38KDEL obtained CR compared with 50% and 70% of flie mice trealed 
with IU-PE38KDEL at 100 or 200 /tg/Kg QOD X 3, respectively. Only one of ten 
■ animab treated with n>tC38-37)-PE38KDEL 100 /igACgX 3 rdapsed. and this occurred 
, after nearly 3 months. Two of tra animals treated twA IL4-(38-37)-PE38KDEL 50 
35 ;tg/KgX 3 relsqised in die first numdi and none idapsed thereafter. Animals treated 
wiA n>*TPE38KDEL fdapsed more firequentty, so that at 100 days 40% and 20% of 
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mice treated with 100 Mg/KgX 3 and 200 «AKgX 3. tespecti^ By 
the Kaplan-Meier method, the likelihood of remaining in CR, once it was obtained, was 
Wghcr for mice receiving IU(38.37)-PE38KDEL 50 |ig/Kg i.v. QOD X 3 than fiar ^ 

receiving I14-PE38KDH- 200 /ig/Kg i.v. QOD X 3 (p<0.03), indicating a greater than 
5 four-fcJd difference between the two agents. By harvesting tumors from several animals 
rdapdng after UA-taan treatment, regrtwing the cdls in vitro, and testing for IL4-toxin 
sensitivity, it was possibk to determine whedxer the surviving tumor cells had lost 
lecqrtor. » was found Aat tumor cells grown firom relapsed lL4-toxin-treated mice were 
several-fbld to > lO-fdd less sensitive to IL4-toxins compared to tumors harvested from 
10 treated mice. Thus, IU(38-37)-PE38KDEL induced CR's which were more durable 
than those induced by IL4-PE38KDEL, probably because IM(38-37)-PE38KDEL was 

superior in killing cells displaying lower IL4R numbers. 

To determine whedier the antitumor activity of IL4(38-37).PE38KDEL 

required specific binding', internalization and ADP-ribosyladon in the tumor cells, the 
15 tumor-bearing mice were treated with the control molecules IU-PE38KDEL and 

IL4^8-37)-PE38KDEL*^. Neither of diese toxins were qrtotoxic against A431 cdls 
in tissue culture at 10 ng/mL Tteatment with IL2-PE38KDEL showed no antitumor 
activity, indicating that the antitumor activi^ of IU(38-37)-PE38KDEL was not due to 
nomspedfic effects of the ttadn. Also, IU^8-37)-PE38KDEL*^ iailed to cause 
20 antitumor activity, indicating that the antitumor activity of IL4(38-37)-PE38KDEL was 
not simply due to the binding of AelM portion of the toxin to the tumor cells. Thustbe 
antitumor effect of IMC38-37)-PE38KDEL required specific binding, internalization and 
ADP-nbo^lation within die (^tosol of die target cdls. 

25 ■ - • ' : Example 14 

ffiMftfftgfli Actiy ^^y aim Stractural Inferences 
MitftP«.nic arttvtfv nf CP variants of JL4 

It has been shown that mutations in human E>4 which prevent its 
proliferative activity often have much less effect on binding (Kruse et al. EMBO J., 11: 
30 3237-3244 (1992)). It is therefore tiieoretically possible that CP-IL4 mutants might bind . 
to the lUR with full affinity but be unable to initiate the signal transduction which leads 
to proliferation. Thus, the proliferative activity of drculaily permuted IL4s was ; 

examined (Figure 3(B)). 
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Accordingly, different concennations of UA, IL4(38-37) and IL4(105-104) 
were incubatol «dth about 6 X lO* CTll.»»" ceUj (Hierd^ 

(1990)) in 200 /il of DMEM with 10% FBS for 6 hours and then incubated for 18 hours 
vrithpHl-thymidine (0.5 |»a/wdl)to measure ceUularproUfi^^ TheCTLL"^ 
5 cdls are muiine cells, wMdi are tiansfiKtedwitfi a human 1I>IR<©NA, and 
in a specific manner when exposed to human E^WO. To verify that the native 

in these assays had foU activity, its binfing activity and !?>pearance on SDS-PAGE was 
compared to that of clinical grade IL4 (5 X lO' U/mg). 

The conceatratiim required for increasing the pHJ-fliymidine incorporation 
10 to 30,000 cpm. which is approximately half-nuudmal, was 0.12 nM for IL4, 0.2 nM for 
IL4(105-104) and 0.24 nM forIL4(38-37). Hius, tiie proliferative activity of the CP-IU 
molecules was 50-100% of that of JiA, confirming that their three dimensional structures 
must be amilar to that of 114. 

15 TO nnregulatinn nf Tt-cefl CJ Va hv CP variants of UA 

Another effect of IL4 signal transduction is the induction of (3)23. on flie 

surfece of B-lymphocytes (Defiance ef aL J. Ej^. Med., 165: 1459-1467 (1987)). To 
assess nAedier die CP variants were csjnble of ftis acliwty, RAMOS Burkitt*s 
lymphoma cells were incubated overnight, at 37«C. with 10 ng/ml of other IL4, 
20 TLA(^Z7iatTLA{VQS-lW). Cdls were tten stained with anti-CD-23(AMAC, Inc. 
Westtaook, Michigan, USA) or IgGlisotype control and analyzed by FACScan • 

OBecton-Diddnson, Sandy,, Utah, USA)., stained with anti-CD23, and analyzed by 
FACS. AH 3 molecules induced (3)23 qneguMon with a similar increase in mean 
fluorescence intensity. ThtB dicularization of IL4 does not impair the ability of the 
25 .. growdi factor to upTQguIate C3>23. 

nmihr P ifhrntcm nf CP variations of IL4, 
■ To direcfly measure Ae structural effect on IW of drcular pmnutation, 
IL4(38-37) and IL4(105-104) were analyzed by circular dichroism (CD). CD spectra 
30 were ineasured in a Jasco 1-500 spectrppolarimeter fiom 260-195 nm, as described 
€issviia6(^\atetaLATdib>.Blodum.Bipp}^^^ Protein 
solutions (SOrlOO jtg/ml) in 0.1 M phosphate buffer were held in 1 mm palhlength quartz 
cuvettes which were thermostated at 25»C. Protein concentrations were measured by 



wo 9307731 PCr/OS9SM4« 

57 

absoibance measurements at 280 and 215 nm, in a Caiy 1 19 spectrophotometer, as 

previously described (Prasad et aL BioOendstry. 25: 5214-5219 (198S)). Tha derived 

spectra were analyzed in terms of secondary structure using the CONTIN program 

(Povencher « aL. Biodimisny. TO: 33-37 (1981)). 
5 -nieCDqiectia of 114 and the CP variants indicate that the three protons 

are similar in conformation. Negative bands at 208 nm and 222 nm and an infiense 
positive band bdow 195 nm are characteristic of proteins which are rich in ochdix. The 
[0ija, which is a global measure of protein folding, was 138'cm»/mmol, compared to 
158 fiJT IM(38-37) and 123 for IU(i05-104), To determine if the decreased value for 
10 ru«(105-i04) was due to a loss of o-hdix or /3-sheet, The CONTIN program was used, 
whiA stj^dies a series of accq>table fits tote measured spectra in terms of 15 st^ 

spectra of protein of known crystal structures (Povencher et al. Biodumisay, 20: 33-37 
(1981)). The values for intact IL4 aod IU(38-37) are in good agreement with rqwrted 
assigmnents for ILA. namely 54% o-hdix and 4.5% ^-sheet (Garrett et aL Biochemstry, 

15 31:4347-4353(1992)). The fitted secondary structure for IL4(105-104), however, did 
indicate some loss of a-hdix and a slight excess of P-sheet 

The CD studies suggested that whUe IL4(38-37) is not significantly 
different structurany torn lU, die ILK105-104) molecule exhibits a dight 1^ 
a-hdixandaslighte)tcessof >-sheeL It is possible that the new C-terminus for this 

20 proton, Aq>104, lies adjacent to the short P-strand (residues 106-107) wh^ 

last (D) hdix according to the known NMR structure and that the increased char;^ 
density at this site may disturb the o-hdix somewhat Nevertheless, the binding and 

signal transduction properties of this mutant are wdl picseived. 

The above data indicate fliat Mrtute readues near the IL4 C-tcrminus may 

25 be iBjportant for binding and mitogenic activity (Le ef «/. Biochemistry, 30: 9576-9582 
(1991). Morrison ef al, J. BtoL Oion.. 267: 11957-11963)), a free N. or C-terminus is 
not needed for either action. Itislikdy that the residues important for receptor binding 
and signal transduction interact wift the receptor indepcndendy of dther termini, and that 
thdr interaction is not in^jaired by the loop formed after fusion of the native N- and 

30 C-termini. Binding, T-cdl proliferation, and NMR studies on lU mutants have recendy 
. . . suggested that residues near the N-temunus and on hdix C bind to the IL4R, while 
residues near the C-terminus bind to a second receptor responsible for signal transduction 
(Kruse et oL. (1993), siqtra., MuUer et al. J. Mmol BioL. 731: 423^36 (1994)). This 
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second meptor is likely to be the commpn r-ncqitor, ^ch has been foiind to be 
important for signal transduction of the IL4R (Rnssd er oL Science^ 262: 1880-1883 
(1992), Kondo €t aL Science, 262: 1874-1877 (1993)). The influence of this subunit for 
IL4 binding, however, is only 2 J to 3-fold (Russel et al., supra). This model, together 
5 with the present finding that a dxculaxized C and Nterndnus of IM does not 

binding or signal transduction, may explain why fusion of IL4 to toxins through its 
C-terminus is detiimental to II4R-binding. If die C-terminal reddues and the 
C-terminus itself lack importance to IL4R-binding, it is likely that fusion of the 
C-terminus to another protein disturbs the nearby N-terminal residues wbidx are a part of 
10 "site r and are critical for IL4R binding. ITie present data suggest that IL4(38-37) is 
useful for fusion to other proteins if other aspects of IL4 need to be preserved, such as 
signal transduction. 

It is understood that the examples and embodiments described hoein are 
for illustrative purposes only and that various modifications or changes in light thereof 
' IS will be suggested to persons skilled in the art and are to be included within the spirit and 
purview of diis application and scope of the ai^iended claims. All publications, patents, 
and patent applications cited herein are hereby incorporated by reference. 
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SEQUQICB LISTING 



(1) GENERAL INFORMATION: 



(1) APPLICANT: 

(A) NAME: The Onited States o£ America* 

as represented by 

The Secretary of the Department 

of Health and Human Services 

(B) STREET: 6011 Executive Blvd.« Suite 32S 

(C) CITY: Rockvllle 

(D) STATS: Maryland 
(B) COUNTRY: U.S.A. 

(P) POSTAL CODE (ZIP) : 20852 

(G) TELEPHONE: (301) 496-7056 

(H) TELEFAX: (301) 403-0220 

(I) TELEX: 

(11) TITLE OF INVENTKSN: CIRCULARLY FERMUTATBD LK^ANDS AND 
CIRCULARLY PERMUTED FUSION PROTEINS 

(ill) NUMBER OP SEQUENCES: 59 

(iv) CC»1PUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC COll^atible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentin Release «1.0, Version #1.30 

(v) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: PCT not yet assigned 

(B) FILING DATE: 07 -APR- 1995 

(C) CLASSIFICATION: 

(vl) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/225,224 

(B) FILING DATE: 08-APR-1994 

(vll) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Weber, Ellen L, 

(B) REGISTRATION NUMBER: 32 « 762 

(C) REFERENCE/DOCKET NUMBER: 15280-193-lPC 

(vill) TELECOMMONICATION INFORMATION: 

(A) TELEPHONE: (415) 543-9600 

(B) TELEFAX: (415) 543-5043 



(2) INFORMATION FOR SEQ ID N0:1: 

(1) SEQUENCE (3ttRACTBRISTTCS: ; 

(A) LENGTH: 614 amino acids 

(B) TYPE : amino acid 

(C) STRANDEDNESS : un)cnovn 

(D) TOPOLOGY: unknown 

(11) MOLECULE TYPE: protein . 



(Ix) FEATURE: 

(A) NAMB/KEY: Protein 

(B) LOCATION: 1,.614 

(D) OTHER INFORMATION: /labelo native-PE 
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(xi) SEQUENCE DBSCRIPTZON: SEQ ZD K0:1: 

Met Ala Glu Olu Ala Phe Asp lieu Trp Asn Glu Cya Ala Lys Ala Cys 
1 5 10 .15 

Val Leu Asp Leu Lys Asp.Gly Val Arg Ser Ser Arg Met Ser Val Asp 
20 25 30 

Pro Ala He Ala Asp Thr Asn Gly Gin Gly Val Leu His .Tyr Ser Met 
35 40 45 

Val Leu Glu Gly Gly Asn Asp Ala Leu Lys Leu Ala He Asp Asn Ala 
50 55 60 

Leu Ser He Thr Ser Asp Gly Leu Thr He Arg Leu Glu Gly Gly Val 
65 70 75 eo 

Glu Pro Asn Lys Pro Val Arg Tyr Ser Tyr Thr Arg Gin Ala Arg Gly 
85 90 9S 

Ser Trp Ser Leu Asn Trp Leu Val Pro He Gly His Glu Lys Pro Ser 
100 105 110 

Asn He Lys Val Phe He His Glu Leu Asn Ala Gly Asn Gin Leu Ser 
lis 120 125 

His Met Ser Pro He Tyr Thr He Glu Met Gly Asp Glu Leu Leu Ala 
130 135 140 

Lys Leu Ala Arg Asp Ala Thr Phe Phe val Arg Ala His Glu Ser Asn 
145 « ISS 160 

Glu Met Gin Pro Thr Leu Ala He Ser His Ala Gly Val Ser Val Val 
165 170 175 

Met Ala Gin Thr Gin Pro Arg Arg Glu Lys Arg Ttp Ser Glu Trp Ala 
180 185 190 

Ser Gly Lys Val Leu Cys Leu Leu Asp Pro Leu Asp .Gly Val Tyr Asn 
195 200 . 205 

Tyr Leu Ala Gin Gin Arg Cya Asn Leu Asp Asp Thr Trp Glu Gly Lys 
210 215 220 

He Tyr Arg Val Leu Ala Gly Asn Pro Ala Lys His Asp Leu Asp He 
225 230 235 240 

Lys Pro Thr Val He Ser His Arg Leu Bis Phe' Pro Glu Gly Gly Ser 
245 250 255 

Leu Ala Ala Leu Thr Ala His Gin Ala Cys His Leu Pro Leu Glu Thr 
260 265 270 

Phe thr Arg His Arg Gin Pro Arg Gly Trp. Glu Gin Leu Glu Gin Cys 
275 280 285 

Gly Tyr Pro Val Gin Arg Leu Val Ala Leu Tyr Leu Ala Ala Arg Leu 
290 295 300 

Ser Trp Asn Gin Val Asp Gin Val He Arg ^sn Ala Leu Ala Ser Pro 
305 310 . 315 320 

•Gly Ser Gly Gly Asp Leu Gly Glu Ala He Arg Glu Gin Pro Glu Gin 
325 330 335 

Ala Arg Leu Ala Leu Thr Leu Ala Ala Ala Glu Ser Glu Arg Phe val 
340 345 350 
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Aro Gin Gly Ttox Gly Asn Asp Glu Ala Gly Ala Ala Asa Ala Asp Val 
355 360 365 

Val Ser Leu Tbr Cys Pro Val Ala Ala Gly Glu Cys Ala Gly Pro Ala 
370 375 380 

ASP Ser Gly Asp Ala Leu L^su Glu Arg Asn Tyr Pro Thr Gly. Ala Glu 
385 390 395 400 

Phe Leu Gly Asp Gly Gly Asp Val Ser Phe Ser Thr Arg Gly Thr Glh 
405 410 415 

Asn Trp Thr Val Glu Arg Leu Leu Gin Ala His Arg Gin. Leu Glu Glu 
420 425 430 

Arg Gly Tyr Val Phe Val Gly Tyr His Gly Thr Phe Leu Glu Ala Ala 
435 440 445 

Gin Ser He Val Phe Gly Gly Val Arg Ala Arg Ser Gin Asp Leu'Asp 
450 455 460 

Ala He Trp Arg Gly Phe Tyr He Ala Gly Asp Pro Ala Leu Ala Tyr 
465 470 475 480 

Gly Tyr Ala Gin Asp Gin Glu Pro Asp Ala Arg Gly Arg He Arg Asn 
' 485 490 495 

Gly Ala Leu Leu Arg Val Tyr Val Pro Arg Ser Ser Leu Pro Gly Phe 
500 505 510 

Tyr Arg Thr Ser Leu Thr Leu Ala Ala Pro Glu Ala Ala Gly Glu Val 
515. 520 525 

Glu Arg Leu He Gly His Pro Leu Pro Leu Arg Leu Asp Ala He Thr 
530 535 540 

Gly Pro Glu Glu Glu Gly Gly Arg Leu Glu Thr He Leu Gly Trp Pro 
545 550 555 560 

Leu Ala Glu Arg Thr Val Val He Pro Ser Ala He Pro Thr Asp Pro 
565 570 575 

Arg Asn Val Gly Gly Asp Leu Asp Pro Ser Ser He Pro Asp Lys Glu 
580 585 590 

Gin Ala He Ser Ala Leu Pro Asp Tyr Ala Ser Gin Pro Gly Lys Pro 
595 600 605 

Pro Arg Glu Asp Leu 
610 . 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CBARACTERZSTICS : 

(A) LENGTH; 129 amino acids 

(B) TYPE: amino acid 

(C) STRANDEOHBSS: unlcnown 

(D) TOPOLOGY: unknown 

(ii) MDLSCDLB TTPB: procein 

(ix) FEATORB: 

••(A) HftMB/KBY: Protein 
(B) LOCAnm: 1..129 
(D) OTHER INFORMATION; /label- IL4 
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<xl) SEQOBKCB DESCRIPTION: SEQ ID M0:2: 

His Lys Cys Asp He Thr Leu Gin Glu He He Lys Thr Leu Asn Ser 
1 5 15 . 

Leu Thr Glu Gin Lys Thr Leu Cys llir Glu Leu Thr Val Thr Asp He 
20 25 30 

Phe Ala Ala Ser Lys Ash Thr Thr Glu Lys Glu Thr Phe Cys Arg Ala 
. 35 . 40 45 

Ala Thr Val Leu Arg Gin Phe Tyr Ser His His Glu Lys Asp Thr Arg 
SO 55 CO 

cys Leu Gly Ala Thr Ala Gin Gin Phe His Arg His Lys Gin Leu He 
65 70 75 80 

Arg Phe Leu Lys Arg Leu Asp Arg Asn Leu Trp Gly Leu Ala Gly Leu 
85 . 90 95 

Asn Ser Cys Pro Val Lys Glu Ala Asn Gin Ser Thr Leu Glu Asn Phe 
100 105 110 

Leu Glu Arg Leu Lys Thr He Met Arg Glu Lys Tyr Ser Lys Qys Ser 
1X5 120 125 

Ser 

(2) niFOR^TIOH FOR SBQ ID N0:3: . . 

(i) SEQUENCE CHARACTERISTICS: 

(A) LBNCTH: 133 amino acids 
<B) TYPE: amino acid 

(C) STRANDEDNBSS: unScnown 

(D) TOPOLOGY: unknown 

(ii) 14DLBCULE TYPE: protein 

(ix) FEATT]RE: 

(A) KAHE/KEY: Protein 

(B) LOCATION: 1..133 

(D) OTHER INFORMATION: /label> IL2 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:3: 

Ala Pro Thr Ser Ser Ser Tlxr Lys Lys Thr Gin Leu Gin Leu Glu His 
1 5 10 15 . 

Leu Leu Leu Asp Leu Gin Met He Leu Asn Gly He Asn Asn Tyr Lys 
20 25 30 

Asn Pro Lys Leu Thr Arg Met Leu Thr Phe hys Phe Tyr Met Pro Lys 
35 40 45 

Lys Ala Thr Glu Leu Lys His Leu Gin Cys Leu Glu Glu Glu Leu Lys 
SO 55 €0 

Pro Leu Glu Glu Val Leu Asn Leu Ala Gin Ser Lys Asn Phe His Leu 
65 70 75 .. .. 80 

Arg Pro Arg Asp Leu He Ser Asn He Asn Val He Val Leu Glu Leu 
85-90 95- 

Lys Gly Ser Glu Thr .Thr Phe Met Cys Glu Tyr Ala Asp Glu Tta: Ala 
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100 105 110 

Thr lie Val Glu Phe Leu Asn Arg Trp lie thr Phe Cys Gin Sex lie 
lis 120 125 

lie Ser Thr Leu Thr 
130 

(2) INFOraATION FOR SBQ ID 110:4: 

(i) SEQUEKCE CKARACTBRZSTXCS : 

(A) LEMG1B: 127 aniino acids 

(B) TYPB: amino acid 

(C) STRANDEDNBSS: un3cnown 

(D) TOPOLOGY: unknown 

(ii) MOLECOLE TTPB: protein 

(ix) FBATORB: 

(A) NAMB/KEY: Protein 

(B) LOCATION: 1,.127 

(D) OTHER INPORMATIOM: /label- GK-C8P 

(xi) SEQUENCE DESCRIPTION! SEQ ID M0:4! 

Ala Pro Ala Arg Ser Pro Ser Pro Ser Ttir Gin Pro Trp Glu His Val 
1.5 10 15 

Asn Ala lie Gin Glu Ala Arg Arg Leu Leu Asn Leu Ser Arg Asp Thr 
20 25 30 

Ala Ala Glu Mfet Asn Glu Thr Val Glu Val lie Ser Glu Met Phe Asp 
35 40 45 

Leu Gin Glu Pro Thr Cvs Leu Gin Thr Arg Leu Glu Leu lyr Lys Gin 
50 55 60 

Gly Leu Arg GIV Ser Leu Thr Lys Leu Lys Gly Pro Leu Thr Ifet Met 
65 70 ao 

Ala Ser His Tyr Lys Gin His Cys Pro Pro Thr Pro Glu Thr Ser Cys 
85 50 95 

Ala Thr Gin Thr lie Thr Phe Glu Ser Phe Lys Glu Asn Leu Lys Asp 
100 105 110 

Phe Leu Leu Val He Pro Phe Asp ^ Ttp Glu Pro Val Gin Glu 
115 120 125 

(2) INFORMATION FOR SEQ ID N0:5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 174 amino acids 

(B) TYPE: amino acid . 

IC) STRANDSDNESS: unknown 
(D) TOPOLOGY: unknovn 

(ii) MOLECULE TYPB: protein 

(ix) FEATURE: 

(A) NAME/KEY: Protein 

(B) LOCATION: 1...174 ^ , ^ ^„ 
• (D) OTHER INFORMATION: /label- G-CSF 
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(xl) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Tht Pro Leu Gly Pro XL& Ser Ser Leu Pro Gin Ser Phe Leu Leu Lys 
1 5 10 15 

C/s Leu Glu Gin Val Arg Lys He Gin Gly Asp Gly Ala Ala Leu Gin 
20 25 30 

Glu Lys Leu Cys Ala Thr Tyr Lys Leu Cys His Pro Glu Glu Leu Val 
35 40 45 

Leu Leu Gly His Ser Leu Gly He Pro Trp Ala Pro Leu Ser Ser Cys 
50 55 60 * 

Pro Ser Gin Ala Leu Gin Leu Ala Gly Cys Leu Ser Gin Leu His Ser 
65 70 75 80 

Gly Leu Phe Leu Tyr Gin Gly Leu Leu Gin Ala Leu Glu Gly He Ser 
85 90 9.5 

Pro Glu Leu Gly Pro Thr Leu Asp Thr Leu Gin Leu Asp Val Ala Asp 
100 105 110 

Phe Ala Thr Thr lie Ttp Gin Gin Met Glu Glu Leu Gly Met Ala Pro 
115 120 125 

Ala Leu Gin Pro Thr Gin Gly Ala Mfet Pro Ala Phe Ala Ser Ala Phe 
130 135 140 

Gin Arg Arg Ala Gly Gly Val Leu Val Ala Ser His Leu Gin Ser Phe 
145 150 155 160 

Leu Glu Val Ser Tyr Arg Val Leu Arg His Leu Ala Gin Pro 
. 165 170 

(2) INFORMATION FOR SEQ ID N0:6: 

' ( i ) SEQUENCE GSARACTERISnCS : 

(A) LENGTH: 17 base pairs 

(B) T^TPB: nucleic acid 

(C) STRANDBDNBSS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TITPE: mSK (primer) • 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
AAXACGACTC ACTATAG 17 
(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQDBNCE GKARACIBRISTICS : 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: single 

(D) TOPOLOGY: linear 

(ii) MOLECOLE TYPE: DNA (primer) 



' (xi) SEQUENCE DESCRIPTION: SEQ ID N0:7: 
GGCACCGTTG CGAATCCGGC CGOG 



24 
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(2) INFOIUOITION FOR SEQ ID K0:8: 

(i) SBQUEKC6 CHARACTERISTICS: 

(A) LENGTH: . 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNESS: single 

(D) TOPOLOGlf: linear 

<ii) MOLECULE TTPE: SKA (primer) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
TG CITIA OGG GCIAC6CCCA G6ACCAG 
(2) INFORMATION FOR SEQ ID N0:9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 57 base pairs 

(B) T»E: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (primer) 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:9: 

GGGACCTCCO GACGATTXGC CTGAGOVGAC GGTGACCTCG GTACCTTGGC CCCAGTA 

(2) INFORMATION FOR SEQ ID N0:10: 

(i) SEQUENCE CBARACTBRISnCSs 
(A) LENGTH: 36 base pairs 

<B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(li) MOLECULE TYPE: DNA (primer) . 



(xi) SEQUENCE DESCRIPTION: SEQ ID HO: 10: 
(3GQACCTCCA GCTTTACTCT aSAGCTITGT CCC06A 
(2) INFORMATION FOR SEQ ID NOsll: 

* (i) SEQUENCE CHARACTERISTICS: 

(A) LENGT9: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 

(ii) MDLECDLB TYPE: DNA (primer) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
CACCGTCCAG TTCTGCGTGC C ' 

(2) INFORMATION FOR SEQ ID N0:12: 

(i) SEQUENCE CKARAdTEiaSTICS: 
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(A) LEKGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS : Single 
<D} TOPOL0G7: linear 

(ii) MDLBCDLB lYPE: DNA (primer) 

(Xi) SEQUENCB DESCRIPTION: SEQ ID K0:12: 
ATACX3ACTCA ClATAGGGAG A 
(2) INFORMATION FOR SEQ TD N0:13; 

(1) SEQUENCB CHARACTERISTICS: 

(A) LENGTH: 51 base pairs 

(B) TTPE: nucleic acid 

(C) STRAMDBDNESS: Single 
<D) TOPOtiOGy: linear 

(ii) mLBCOLB TYPB: DNA (primer) 

(xi) SEQOENCB DESCRIPTION: SEQ ID NO: 13: 
GGGCATAAAC CCGGGCATAA AACGCATGCA CCTACTTCRA GTTCTACAAA G 51 
(2) INFORMATION FOR SEQ ID N0:14: . 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: Single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (pria^r) 



(xi) SEQUENCB DBSCRIPTIQN: SEQ ID NO: 14: 
TCJauSCtGM, TTODUSCSTGA GTGTTGAGAT GATGCTTTGA CA 42 
(2) INFORMATION FOR SEQ ID N0:15: 

(i) SEQUENCB CHARACTERISTICS: 

(A) LENGIH: 21 base pairs 

(B) TYPE: nucleic acid 

• (C) STRANDEDNBSS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (primer) 

(xi) SEQUENCB DESCRIPTION: SEQ ID NO: 15; 
CGGCCACGAT 6CGTC0GCWG T 
(2) INFORMATION FOR SEQ ID NO: 16: 
(i) SEQUENCE CHMIACTERISTICS:. 

(A) LENGTH: 57 base pairs 

(B) TYPE:' nucleic acid 

(C) STRANDBDNESS: Single 



wo 9507792 



PCTA7S95A)44d8 



67 

(D) TOPOLOGY: linear 
(11) MOZiECQXiE TYPE: DNA (primer) 



(Xi) SEQUENCE DESCRIPTZON: SEQ ID NO: 16: 
GGGCTTGGAT CCCCCCCOIC CTGAACCTCC TCCCCG6CTC GAACACTTTC AATATTT 57 
..<2} ZNFOIOATION FOR SEQ ZD 110:17: 

(i) SEQUENCE CKASACTERXSTZCS : 

(A) LENGTH: 60 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DKft (printer) 



(xi) SEQUENCE DESGRZPTION: SEQ ID KG: 17: 
.GAGGTCG621T CCGGOGGAGG OGGATCTGGC GGAGGTGGCT 06GGGGGCAG CCTGGC0G06 60 



(2) ZNFOIQATTON FOR SEQ ID NO: 18: 

(i) SEQUENCE CKftRACTERISTTCS : 

(A) LENtSTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (primer) 



(xi) SEQUENCE DESCRIPTZON: SEQ ZD NO: IB: 
TGTT6CTCCG GAGGTAACGG 7GGGCACAAG TGOGATATCA CC 42 
(2) INFORMATION FOR SEQ ID N0:19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 45 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (primer) 



(xi) SEQUENCE DESCRIPTION: SEQ ZD N0:19: 

CTTGTGCCCA CCGTTACCTC GGGACGAACA CTTTGAATAT TTCTC 45 

(2) INFORMATION FOR SEQ ZD N0:20: 

(i) SEQUENCE CHARACTERISTICS: 
• . (A) LENGTH: 33^ base pairs . 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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<xi) SEQUENC8 DESCRIPTION: 5EQ ID K0:20: 
CTCAGTTGAi^ G CTriG GMG GAfiCAAAGAT GTC 33 
(2) INFORMATION FOR SEQ ID N0:21: 

(1) SEQUENCE CKARACTBRISTICS : 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
• (D) TOPOLOGY: linear 

(ii) KOLBCULE TYPE: DNA (primer) 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:21: 

TTTGCTGCCC ATAT6AACAC AACIGAGAAG GAA 33 

(2) INFORMATION FOR SEQ ID N0:22: 

(i) SEQUENCE CHARACTERISTICS: 
<A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single .* 

(D) TOPOLOGY: linear ^ 

(ii) MOLECULE TYPE: DNA (primer) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22: 
ACTCT6GTAA GCTTCCTTCA CAG(3ACAGC2A 30 
(2) INFORMATION FOR SEQ ID NO:23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (primer) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 
CCTGTGAAGC ATATGAACCA GAGTACGTTG GAAAAC 36 
(2) INFORMATION FOR SEQ ID N0:24: 

(i) SEQUENCE C31ARACTERISTICS : 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DMA (primer.) . ... 
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(xi) SEQUENCB DESCRIPTION: SSQ ID K0:24: 
rxmiiMGT AAGC1TC060 GGGA6GAGGT TCH 33 
(2) ZNFORMftTXQ!? FOR SEQ ID N0:25: 

(i) SEQtrBNCB CHARACTERISTICS: 

(A) LE2TGTO: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRAIJDBDNESS: single 

(D) TOPOXiOGy: linear 

(11) MOLBCDLB TYPE: DNA (primer) . 

(xi) SEQUEKCB DESCRIPTION: SEQ ID K0:25: 
GGAGATAXAC ATATGGACAC AACTGAGAAG GAA 33 
(2) INFORMATION FOR SEQ ID N0:26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 48 base pairs 

(B) T^TPE: nucleic add 

(C) STRANDBDNBSS: single 

(D) TOPOLOGY: linear 

(ii) HOLECOLE TITPE: DNA (primer). 

Ixi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 
GTTTAACTTT AAGCTTCCGG AGGTCCCGAG GACACAACTG AGAAGGAA 48 
(2) INFORMATION FOR SEQ ID NO: 27: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNBSS: single 

(D) TOPOLOGY: linear 

(ii) HOLBCrULB TYPE: SNA (primer) 

(xi) SBQUBNCE DESCRIPTION: SEQ ID N0:27: 
CTCGGGACCT CGAGCTCATT TGGAGGCAGC AAA6AT ... 36 
(2) INFORMATION FOR SEQ ID NO: 28: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: single 

(D) TOPOLOGY: linear 

(ii) MOLBCDLB TYPE: DNA (primer) 

' (xi) SEQUENCE DBSCRIPTICnJ: ISEQ ID NO:28: 
ACACTCACGO GAGGTAACGG TGGGGCACCT ACTTCAAGTT CT .......... 42 
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(2) XNF0RM31TI0K FOR SBQ ID NO:29: 

(i) SEQUEHCB CKARACTBRISTICS: 
<A} l£NGTH: 36 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MbLBCOLE lYPB: DNA (primer) 



(xi) SEQOCNCB DESCRIPTION: SEQ ID MO: 29: 
AAACtGAATT CAAGCITACC TGGTGAGTTT GGGMT ^ 36 

(2) INFORMATION FOR SEQ ID N0:30: 

(i) SEQUQTCB CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS: single 
(D) TOPOIOGY: linear 

(ii) MOLECULE TYPE: DNA (primer) 

(xi) SEQOBNCH DESCRIPTION: SEQ ID NO:30: 
AAACTCACCC ATATGCTCAC ATTTAAGTTT 30 
(2) INFORMATION FOR SEQ ID N0:31: 

(i) SEQOBNCE CHARACTERISTICS: 

(A) LENGTH: 39 base pairs 

(B) TVPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (primer) 

(xi) SEQtmCB DESCRIPTION: SEQ ID NO: 31: 
AGGTGCCCCA CCGTTAOCTC CG6TGAGTGT T6AGAT8AT 39 
(2) INFORMATION fOR SEQ ID NO: 32: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) S71»NDEDNBSS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DMA (primer) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:32: 
GAGGGCGGAG GAAACGGAGG TGGGGCACCC GCCOGCTCGC CC 42 
(2) INFORMATION FOR SEQ ID NO:33: 
. • (i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic «cla 

(C) STRANDEDNBSS: single 
(0) TOPOLOGY: linear 

<ii) MDLECOLE TYPE: DKA (primer) 

■ (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33 s 
TTCTAGAATT CAAGCXTACT CAGCRGCAGT GTCTCT 
(2) INFORMATION FOR SEQ ID NO:34: 

(i) SEQUENCE CHARACTERISTICS: 

^ (A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acia 

(C) STRANDBDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (primer) 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0;34-: 
ACTGCTGCTC ATATGGATQA AACAGTAGAA OTC 
(2) INFORMATION FOR SEQ ID N0:35: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 45 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBONBSS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (primer) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:35: 

GGGTGCCCCA CCTCCCTTTrC CTCCGCCCTc' CTGGACTOGC TCCCA 

(2). INFORMATION FOR SEQ ID NO:36: 

(i) SEQUENCE CKARACTBRISnCS: 
^ W LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (primer) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:36: 
. GCClGCAfiCC ATATGGCACC CGCCCCCTCG CCCAGCCCC 
(2) INFORMATION FOR SEQ ID N0:37: ... 

(i). SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 
(11) MOLECULE TYPE: DIU (primer) 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37: 
,CTCATGAATr CAAGCTEACT CCTGGACTGG CTTCCCAGCAG TO 42 
(2) INFORMATION FOR SEQ ID NO: 38: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONBSS : single 
(0) TOPOLOGY: linear 

(11) MOLECULE TYPE: DNA (primer) 

(Xl) SEQUENCE DESCRIPTION: SEQ ID NO: 38: 
AATTCAAGCT TCACGTGTGA GTTTGGGATT CTT 33 
(2) INFORMATION FOR SEQ ID NO:39: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONBSS: Single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: MA (primer) 

(xl) SEQUENCE DESCRIPTION: SEQ ID NO: 39: 
AATTCAAGAA GCTTCTGCAG CAGIGTCICT ACT 33 
(2) INFORMATION FOR SEQ ID NO: 40: 

(1) SEQUENCE CMARACTBRISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: DNA (primer) 

(xl) SEQUENCE DESCRIPTION: SEQ ID N0:40:. * 
CTGTGCACCC ATATGACOGT AACA(2ACATC 30 
(2) INFORMATION FOR SEQ ID N0:4I: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(11) MDLECOT.E TYPE: DNA (primer) 
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(xl) SEQtJENCB DESCRIPTION: SBQ ID N0:41: 
GATGTCGTAA GCTTTCAACT OGGTGCACAG 
<2) INFORMATION FOR SEQ ID N0:42: 

(i) SEQUENCE CHARACtSRISnCS; 

CA) LENGTH; 36 base pairs 

<B) TYPE: nucleic acid 

(C) STRANDBDNESS: Single 

(D) TOPOLOGY: linear 

(ii) HDLECOLB TYPE: DNA (primer) 

. (xi) SBQOBNCB DESCRIPTION: SEQ ID NO: 42: 
ACAGTGCAGC ATATOACOCC CCTGGGCCCT GCCAGC 3^ 
(2) INFORMATION FOR SEQ ID NO:43: 

(1) SEQUENCE CHARACTERISTICS.: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECOLB TYPE: DNA (primer) 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:43: 

AATCEAAGCT TGGGGCIGGG CAAGGTGGCG XAfS 

(2) INFORMATION FOR SEQ ID N0:44: 

(i) SEQUENCE CHARACTERISTICS: 
. (A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (primer) 



• (x£)"SBQUENCB DES(3lIPnON: SEQ ID N0:44: 
GGGGGCGKSAO GAAACGGA6G T6G<3ACCCCC CT6GGCCCTG CC . 
(2) INFORMATION FOR SEQ ID N0:45: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYP?:- DNA (primer) 



(xi) -SEQUENCE DESCRIPTION: SEQ ID N0:45: 
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CTGCRAAGCr TGGCTGGGGC AGCTGCT 
(2) INFORMATION FOR SEQ ID NO: 46: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOI^OGY: linear 

(ii). MOLBCOLE TirPB: DNA (priner) 



(xi) SBQOENCfi DESCRIPTION: SSQ ID N0:4fi: 

TGCCCCAGGC ATATGCTGCA 6CT6GCAGGC T6C 

(2) INFORMATION FOR SEQ ZD N0:47: 

(i) SEQOENCB CHARACTERISTICS: 
CA) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECOLB TYPE: DNA (primer) 



(xi) SEQOENCB DESCRIPTION: SEQ ID N0:47: 
iGGTCCCACCT COGTTTCCTC OGC0GG6CT6 GGCAAGGTGG OG 
(2) INFORMATION FOR SBQ ID N0:48: 

(i) SEQOBNCB CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLBCOLE TYPE: DNA (primer) 



(xi) SEQOBNCB DBSCRZPTION: SEQ ID NO:48: 
T(9GCGGG(3IT TCIATATCGC C 
(2) INFORMATION FOR SEQ ID NO: 49: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 48 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
* (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (primer) 



(xi)' SEQUENCE DESCRIPTION: SEQ ID NO: 49: 
GGCCGGTCGC GGGAATTCIT AGAGCTCGTC TTTOGGCGGT TTGCCGGG 
(2) INFORMATION FOR SEQ ID NO:SO: 
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(i) SBQUBNCE CHARACTBRISTlCSs 
(A) LENGTH: 5 amino acids 
<B) TYPE: amino acid 
(C) STRANDBDNBSS: unJcnom 
<D} TOPOLOGY: unkno%m 

(ii) KOLBCOLS TYPE: peptide 



(Xi) SEQOENCB DESCRIPTION: SBQ ID NO:S0: 

Gly Gly Asn GXy Gly 
1 5 

(2) INFORMATION FOR SEQ ID N0:51: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acida 

(B) TYPE: amino acid 

(C) STRANDBDNBSS: unknown 
(O) TOPOLOGY: unJcnown 

(ii) M0LBCUL8 TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SBQ ID NO: 51: 

Ser Gly Gly Pro Glu 
1 5 

(2) INFORMATION FOR SBQ ID NO: 52: 

(i) SBQUBNCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acida 

(B) TYPE: amino acid ' 
<C) STRANDBDNBSS: unkno%m 
(D) TOPOLOGY: iinlcnown 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SBQ ID N0:52: 

Gly Gly Gly Asa Gly Gly Gly 
1 5 

(2) INFORMATION FOR SBQ ID N0:53: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: amino acid 

(C) STRANDBDNBSS: tinlcnown 
. (D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NOiSS: . 

• Arg Pro Bis Met Ala Asp 
1 5 

(2) .INFORMATION FOR SBQ ID N0:S4: 
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(i) SEQUBKCB CHARACrERZSTXCS: 

(A) tiBNGTH: 5 amino acids 

(B) lYPB: amino acid 

(C) Snu^EDKBSS: unknown 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 54: . 

QXy Gly Oly Gly Ser 
1 5 

<2) INFORMATION FOR SEQ ID NO:55: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 20 amino acids 
■(B) TYPE: amino acid 

(C) STRANDBDNESS : unknown 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 55: 

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly 
1 5 10 15 

Gly Gly Gly Ser 
20 

(2) INFORMATION FOR SEQ ID NO:56: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 amino acids 

(B) TYPE: amino acid 

(C) STRANDBDNESS: unknown 

(D) TOPOLOGY: unJcnown 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 56: 

Ala Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly 
1 5 .10 15 

Ser Gly Gly Gly Gly Ser 
20 

(2) INFORMATION FOR SEQ ID N0:57: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: amino acid 

(C) STRANDBDNESS: un)cnown 

(D) .T0P0L(X;Y: unknown 

(ii) MOLECULE TYPE: peptide 
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(xl> SBQOEKCB DESCRZPTZON: SEQ ZD K0:57: 
Ala Ser Gly Gly Pro Glu 

12) ZNFORMATZON FOR SEQ ZD NO:58: 

{1} .SEQOEKCB CailRACTBRZSTZCS: 
(A) I£NGTH: 21 base pairs 
<B) TTPB: nucleic add 

(C) STRANDEOMBSS : Single 

(D) TOPOLOGY: linear 

(ii) MOLECOLB TYPE: other nucleic acid 

(A) DBSCRIFTION: /desc - "Primer BK64" 

(xl) SEQUENCE DESC3UPTZ0N: SEQ ID NO: 58: 
CGTTATTGAT CGTATTGGGG A 
(2) INFORMATION FOR SEQ ID NO:59: 

(i) SEQUENCE OIARACTERISTICS : 

(A) XiENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEI»1BSS: single 

(D) TOPOZ/XSY: linear 

(ii) MOLECULE TYPE: Other nucleic acid 

(A) DESCRIPTION: /desc - "Prijner BIC63" 

(xi) SEQUENCE DESCRIPTIW: SEQ ID NO: 59: 
CCG T GCGTCT TGACCIGCCA C 
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WHAT TS CLAIMED IS: 
l/ 1. Amodifiedligandthatisamcxiificationof anori^nalU^^ 

2 having amino add leadues numbered sequentially 1 through J with an amino tenninus at 

3 lesidue 1 and a cai()Oxyl tenninus at residue J and selected ftora the grwip consisting of 

4 TLA, IL2, G-CSF and GM-CSF, the mofified ligand having the fonnula shown bdow: 

5 • . • ' ' 

6 X»-(L).-X» 

7 in which: 

8 a is 0 or 1; 

9 X' is a peptide comprising an amino add sequence conesponding 

10 to the sequence of residues n+1 through J of said original ligand; 

11 is a pq)tide comprimig an amino add sequence corresponding 

12 to the sequence of residues 1 through n of said original ligand; 

13 n is an integer ranging from 1 to J-1; and 

14 . T 1^ fl iinw>r ; and further wherein flie amino terminus of tte 

15 modified Ugand is located in X* and the caiboxyl terminus of the modified a 

16 located in X'. 

1 2. Hie modified ligand of daiml, in which a is land Lisa pq)tide. 

1 3. Ihe mocfifiedligand of daim 2, in which L is GGNGG (Seq. U. 

2 No. SO). 

1 4. iiie modified ligand ofdaiml, wherein ssdd original ligand is 

2 interleukin 4 QLA). 

1 * 5. The mocpfied ligand of daim 4, wherdn the first aspaxagine in the 

2 amino terminus is changed to an aspartate. 

1 6. The modified ligand of daim 1, wherein said original ligand is 

2 int&rleukin 2 0L2). ' * 

I 7. The modified ligand of daim 1, wherein said original figaiu^ 
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2 G-CSR 

1 8. Tiie modified ligand of daim 1, wherein said origin^ 

2 GM-CSF. 

1 9. The modified ligand of daim 1, in whidi: 

2 compiises Ae amino add sequence coxxeqxmding to noethiooine 

3 fbUowedby lesidues 38 through 129 of Seq. Id No: 3 Ontcileukin 4); and 

4 comprises the amino add sequence corresponding to residues 1 

5 thiou^ 37 Seq. Id, No: 3 Ontcileukin 4)- 

1 10. The modified ligand of daim 1, in which: 

2 X* comprises the amino add sequence corresponding to methionine 

3 followed by readues 105 toough 129 of Seq. Id. No: 3 Cmterlaikin 4); and 

4 compiises the amino add sequence corresponding to leskiues 1 

5 through 104 of Seq. M, No: 3 Cmtedeukin 4). 

1 11. Themo(Sfiedligandofdaim9, inwhichais landListfae 

2 pqrtide GGNGG (Seq. Id. No. SQ). 

1 12. Hie modified ligand of daim 10, in which a is 1 and Lis the 

2 peptide GGNGG (Seq. Id. No. SO). 

1 13. The modified Bgand of daim 1, in which: 

2 X* comprises the amino add sequence conesponding to leaddues 39 

3 through 134 of Seq. Id. No. 4 Onterieukin 2); and 

4 x^compriscs the amino add ^uence corresponding to residues 1 

5 fluougb 38 of Seq. Id. No. 4 Onterieukm 2). 

I., 14. Themodifiedligandof daim 13,inais 1 andLis thepq)tide 

2 GGNGG (Seq, Id. No. 50). 

1 15. The modified ligand of daim 1, in whidi: 
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2 comprises the amino add sequence corresponding to leadues 69 

3 through 175 of Seq. Id. No. 6 (G<3F); and 

4 ^ comprises die amino add sequence coneqwnding to residues 1 

5 through 68 of Seq. Id. No. 6 (G-CSF). 

1 16. themodifiedligandof daim ISin whichais landListhe 

2 pepdde GGGNGGO (Seq. Id. No. 52). 

1 17. Hie modified ligand of daim 1, in which: 

2 X' comprises the amino add sequence corresponding to residues 36 

3 through 128 of Seq. Id. No. 7 (GM-CSF); and 

4 X^ comprises the amino add sequence correqxmding to residues 1 

5 through 36 of Seq. M. No. 7 (GM-CSF). 

1 18. The modified ligand of daim 17 in which a is 1 and L is the 

2 peptide GGGNQGG (Seq, Id. No. 52). 

1 19. A chimeric molecule compridng a modified ligand component that 

2 is a modification of an original ligand having amino add residues numbered sequentiaUy 

3 1 through J with an amino terminus at residue 1 and a carboxyl tenmnus at residue J, the 

4 fusion protdn having the following formula: 

5 Cr WX-X»-<L)e-X*-<S*).r(I^« 

6 in which: 

7 is a pqidde comprising an amino add sequence corresponding 
'8 to the sequence of residues n + 1 through J of said original ligand ; 

9 Lisalinker; 

10 X^ is a peptide comprising an amino add sequence' conesponding t 

11 to the sequence of residues 1 dirough n of said original ligand; 

12 S* and S^ are peptide spacers; 

13 . n is an integer ranging from 1 to J-1; 

14 b, c, and d are each independently 0 or 1; . 

15 a and e are eidier 0 or 1, provided that both a and e cannot both be 
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6 0; and 

7 and 1^ are protdiis. 

1 20. The chimeric molecule of claim 19, wherein said chimetic mdecule 

2 is a fusion protein. 

1 21* The chimeric molecule of daim20»wherdn said oxiginalligand is 

2 interieukin 4 (IL4). 

1 22, Thechimericmoleculeof claim 21, wherein the first aspai^^ 

2 .the.amino tenninos is changed to an aspartate. 

1 23. The diimeric molecule of daim 20, wherein said original ligand is 

2 interieuldn 2 (IL2). 

1 24. The chimeric molecule of ddm 20, wherein said ori^nall^ 

2 G-CSF. 

1 25. The diimeric molecule of daim 20, wherein said original ligand is 

2 GMrCSF. 

1 .26. Tliediimericmoleculeofdaim20, in which 

2 a is zero;. 

3 bis zero; r 

4 c is 1; 

5 4isl; 

6 cis 1; and 

7 T^ is a Pseudomonas exotoxin in which domain la is laddng. 

1 27. The chimeric molecule of daim 26, in which: 

2. . X* comprises methionine followed by the amino add sequeiice 

3 conesponding to residues 38 through 129 of Seq. Id. No.: 3 Ontetleuldn 4); 

•4 L is GGNGG (Seq. Id. No. 50); 
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5 comprises the amino add sequence coxxesponding to residues 1 

6 thxough 37 of Seq. Id. No.: 3 Onterieukin 4); 

7 is ASOGPB (Seq. U. No. 57); and 

8 is selected fzom the group consisting of PE38Q and PESSKDEL. 

1 28. Hie chimeric molecule of daim 26, in which: 

2 X' comprises the amino add metiiionine fallowed by the amino 

3 add sequence corresponding to residues 105 through 129 of Seq. Id. No: 3 Cmterieukin 

4 4); 

5 LisGGNGG(Seq. Id. No.50); 

6 X' comprises the amino add sequence correqxmding to residues 1 

7 through 104 of Seq. Id. No: 3 Onterleukin 4); 

8 S^ is SGGPE (Seq. Id. No. 51); and 

9 is selected from the group consisting of PE38Q and PE38KDEL. 

1 29. The chimenc molecule of daim 26, in whidn 

2 X' comprises amino add methionine followed by the amino add 

3 sequence corre^nding to residues 39 fluough 134 of Seq. M. No: 4 Ontedeukin 2); 

4 L is GGNGG (Seq. U. No. 50); 

5 comprises the amino add sequence corresponding to residues 1 

6 through 38 of Seq. U. No: 4 Cmterieukin 2); 

7 S* is SGGPE CScq. M. No. 51); and 

8 7« is sdectedfiomOie group consisting of PE38Q and PE38EDEL. 

1 30. The chimeric molecule of daim 26, in which: 

2 X* comprises tiie amino add methionine followed by the amino. 

3 add sequence corresponding to residues 36 through 128 of Seq. M. No: 5 (GM-CSF); 

4 L is GGGNGGG (Seq. Id. No. 52); 

5 * X* comprises tiie amino add sequence corresponding to residues 1 

6 tiirough35of Seq. Id.No:5(GM-CSF); 

7 S* is SGGPE (Seq. M, No. 51); and 

g is sdected from the group consisting of PE38Q and PE38KDEL. 
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1 31. The chimeric mdeculc of claim 26, in which: 

2 conq)rises the amino add methionine followed by the amino 

3 add sequaice conesponding to residues 69 through 175 of Scq. M. No: 6 (G-CSF); 

4 LisGGGNGGG(Seq. Id. No.52); 

5 comprises the amino add sequence conesponding to xesidues 1 

6 thxougb 68ofSeq. Id. No:6(G-CSF); 

7 is SGGPE (Seq. U. No. SI); and 

g is selected fiom thevgroup condsting of PE38Q and PE38KDEL. 

1 32. The chimeric molecule of daim 20, in which: 

2 aisl; 

3 bisl; 

4 c is 1; 

5 dis'zeio; 

6 e is zero; and 

7 T^ is a truncated Diphtheria toxin; 

1 33. The chimeric molecule of claim 29 in which: 

2 comprises the amino add nieduonine followed by the amino 

3 add sequence conesponding to residues 38 fluough 129 of Seq. Id. No: 3 Onterieukin 

4 4); 

5 LisGGNGG(Seq.M.No.50); 

6 comprises the amino add sequence corresponding to residues 1 

7 through 37 of Seq. Id. No: 3 Cmterieuldn 4); 

8 is HM; and 

9 T»isDT388. 

1 34. Thechimericmdeculeof daim 29, in which: 

2 X* comprises the amino add methionine followed by the amino 

3 add sequence corresponding to readues 1Q5 flirough 129 of Seq. M. No: 3 Onterieuldn 

4 4); : : . . 

5 L is GGNGG (Seq. Id. No. 50); 

6 X* comprises the amino acid sequence coiiesponding to residues 1 
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7 through 104 of Seq. Id. No: 3 Ontedeutdn 4); 

8 is RPHMAD (Seq. Id. No. S3); and 

9 TVisDT388. 

1 . 35. The chimexic molecule of daim 20, in which: 

2 aisl; 

3 bisl; 

4 d is 0; 

5 e is 0; and 

6 is an andfxxly. 

1 36. The chimeric molecule of claim 32, in whidi: 

2 comprises the amino add methionine followed by the amino 

3 acid Sequence coiresponding to residues 38 through 129 of Seq. Id. No: 3 Ontedeukin 

4 4); 

5 L is GGNGG (Seq. Id. No. 50); 

6 comprises the amino add sequence coxresponcfing to residues 1 

7 throug|i37ofSeq. U. No:3 0nterieu]dn4); 

8 S< is ASGGPE^. Id. No. 57); and 

9 T*isB3(Pv). 

1 37. The chimeric molecule of daim 32, in which: 

2 comprises tiie amino add methionine fidlowed by die amino 

3 add sequence cooesponding to residues 105 through 129 of Seq. Id. No: 3 gnt e ri e nkin 
4. 4); 

5 L is GGNGG (Seq. M. No. 50); 

6 X^ comprises the amino add sequence coiresponding to residues 1- • 

7 through 104 of Seq. Id. No: 3 (interleukin 4); 

8 S^ is SGGPE (Seq. Id. No. 51); and 

9 T»isB3(Fv). . . 
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1 38. A method of inhibiting the growth of tumor cells in an oiganism, 

2 said method comprising contacting said ceDs with a composition comprising a fusion 

3 proton said fusion protein comprising a modified ligand component diat is a modification ; 

4 of an original Hgand that spedficaUy binds a tumor cdl, said oiig^ 

5 flminn aeid residiiea nmnbered sequentiallv 1 through J with an amino terminus at residue j f; 

6 1 and a cazboxyl terminus at residue J, the fusion protein having the following formula: || 

8 in which: 

9 X* is a pq)dde comprising an amino add sequence corresponding ^: 

10 to the sequence of residues n+lftrough J of sdd original Jigand; | 

11 Lisalinken | 

12 X> is a peptide comprising an amino acid sequence corresponding :| 

13 to the sequence of residues 1 through n of said original ligand; ^ 

14 S* and arc peptide spacers; 

15 n is an integer ranging from 1 to J-1; 

16 b, c, and d are each indq)endently 0 or 1; 

17 a and e are either 0 or 1, provided that both a and e cannot both be i 

18 0;and . I 

19 and are cytotoxins. 

1 39. llie method of dmi 38, wherein said ori^ndUgand is intBcleuld^ 

2 4 (OA). 

1 40. Themcthodof daim 38, wherein said ori^nal ligand is hitec^^ 

2 2(112). 



1 41.- Tlie method of dahn 38, wherdn said original Ugand is O-CSF. 



1 



42. The method of daim 38, wherein said original ligand is GM-CSF. 
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1 43. The method of daim 38, in vdiich 

2 a is zero; 

3 bis zero; 

4 cisl; 

5 disl; 

6 eisl;and 

7 is a Pseudmonas exotoidn in which domain la is lacking. 

1 44. The mediod of daim 39, in which: 

2 compxises methionine followed by the amino add sequence 

3 conesp o nding to residues 38 through 129 of Seq. Id. No.: 3 C&tedeukin 4); 

4 L is GGNGG (Seq. M. No. 50); 

5 comprises the amino add sequence corresponding to residues 1 

6 through 37 of Seq. Id. No. : 3 (interleukin 4); 

7 S^ is ASQGPE (Seq. Id. No. 57); and • 

8 is sdected from Ae group consisting of PE38Q and PE38KDEL. 

1 45. 11iemetfaodofcIaim39, in which: 

2 . X' compxises die amino add methionine followed by the amino 

3 add sequence conesponding to residues 105 tfirou^ 129 of Seq. Id. No: 3 Cnteitaddn 

4 4); 

5 L is GGNGG (Seq. Id. No. 50); 

6 X' conqnises the anuno add sequqioe conesponding to residues 1 

7 dirough 104 of Seq. Id. No: 3 Onteileukin 4); 

8 S*isSGGPE(Seq.Id.No.51);and 

9 T^ is selected from the groiQ) consisting of FE38Q and PE38KDEL. 

1 46. Themethodof daim 38, in which: 

2 aisl; 

3 bisl; ' .. 

4 c is 1; 

5 d is zero; 

6 . . e is zero; and 
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7 is a tnmcated Diphtheria toxin; 

1 47. The method of daim 38 in which: 

2 comprises the amino add m^onine followed by the amino 

3 add sequence cotiesponding to xesidues 38 through 129 of Seq. Id. No: 3 Onterieuldn 

4 4); 

5 LisGGNGG(Seq.Id,No.50); 

6 X? comprises Oe amino add sequence cotxeqxmding to residues 1 

7 duough 37 of Seq. Id. No: 3 Ontedeukin 4); 

8 S'isHM;and 

9 T*isDT388. 

1 48. The method of daim 38, in wtidi: 

2 X* comprises the amino add mediianine followed by the amino 

3 add sequence coxiesponding to residues lOS through 129 of Seq. Id. No: 3 Onterleokin 

4 4); 

5 LisGGNGQ^cq.Id.No.50); 

6 X^ comprises fhe amino add sequence ooxreqxmding to xesidues 1 

7 dirough 104 of Seq. Id. No: 3 (interieukin 4); 

8 S<isSPHMAD(Seq.Id.No.53);attd 

9 T> Is DT388. 

1 49. A method of qjedfkaflyddivering a first molecule to a target 

. 2 in Wvo said method comprising: 

3 ^iifntmgtiwing to ft mammal a molecule comwiang a dtcnlady pennuted 

4 ligand in a phannaca^ically acceptable cazrier; 

5 wherdn said ligand spedfically binds said laxget cdL 

1 50. The method of daim 49, wherein said ligand is sdected from the 

2 gnwpconsistingofn^, n>t, GM-CSF, andG-CSF. 

1 511 The method of claim 50, wherein said ligand is jattached to a 

2 cytotoxin. . 



i 
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